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PREFACE. 



The Dresent edition of this book is issued under very 
favo.abie auspices. Within nine months after tne first 
publication of this metnod, the *jook has been adopted 
as a text-book in the School op Mines of Columbia 
College, the Thater Civil Engineebing School 
of Dartmouth, the Towne Science School of the 
University op Pennsylvania, the Civil Engineer- 
ing Department of the College op the City op 
New York, and the Worcester Free Institute of 
Mass. This demand, which the remaining copies of the 
old edition could not supply, makes it necessary to issue 
a new edition a little earlier than expected. 

Advantage has been taken of this to make such im- 
provements as were possible with stereotyped pages. 
Better paper and press work have been procured, and a 
few typographical errors have been corrected. The dia- 
grams of the earlier pages were at a critical period, to 
save time, photographed from the manuscript, where they 
were sketched and lettered with an ordinary writing pen, 
and not in the shape intended for publication. This, 
however, cannot be deemed so great a fault in the delin- 
eation of earthwork. Also the abbreviations of a few 
frequently-occurring words extended from the cony to 
the print. 

The opportunity has also been made use of to pre^fnt 
such additional suggestions upon the method as occurred 
to the author and others after a careful review of the 
work ; and to include the new formula for ascertaining 
the centres of gravity of solids, published by the author 
in Van Nostrand's Magazine, July, 1877, with its applica- 
tion to finding, accurately and quickly, the average haul 
of earthwork. The question of finding the average haul 
is so intimately connected with that of finding the quan- 
tities of earthwork, that its discussion should never be 
omitted in treatises on earthwork calculation. 
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It is considered unnecessary in writing this preface to 
introduce formally, as was done in the preface to first 
edition, the prominent features of the method. This has 
been concentrated* into a table of contents. It may be 
said : This book was written by a practical man for prac- 
tical men. That it has passed successfally through the 
hands of distinguished mathematicians and professors of 
engineering, is a sign that the formulae, designedly prac- 
tical, are also, what is claimed for them, i)erfectly ac- 
curate. The whole idea of the method is to obtain a 
single rule for calculating in one series, and therefore, 
in one operation, every possible cut or fill, regardless of 
differences in length and cross-sectional shapes of com- 
ponent volumes. This allows the elimination, from the ex- 
pression for content of each cross-section or volume, of all 
the common values, leaving, for ordinary three-level 
ground, no work but to find a single product for each vol- 
ume and one product more, for more irregular ground, ad- 
ditional products for the additional irregularity, and, fin- 
ally, the use once for all of each common value. This idea, 
it is believed, has been successfully realized. The short- 
ening of labor is more than would be imagined without a 
trial, and is well worthy a comparison — as has been made 
in the note at the end of the book — with that obtained by 
using tables. The author has no particular theory to sus- 
tain He has taken the facts as he found them, although 
they might ruin a pretty, preconceived formula. In 
every case he has made his formulae fit the ground : he 
has not required the ground to fit his formulae. 

Irregular volumes, it is believed, have never before 
been so carefully discussed and correctly formularized. 
The result of the prismoidal rule, is for the first time, ob- 
tained by a simple correction, without calculating the 
mid-sections of these troublesome solids. An important 
error, consequent upon improper fixing of the fading ends 
of ridges and hollows, in volumes having more irregular- 
ity at one end than at the other, has been detected and 
brought within the limits of calculation. While the 
author has continually endeavored, in treating irregular 
as well as regular volumes, to systematize and abbreviate 
the computations, he has never allowed this to interfere 
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with the main design, which is to construct a perfectly 
correct rule. The claim for the method is absolute accu- 
racy, joined with what bre%'ity is shown to arise from the 
use of the resulting formulae. 

Finally, the author takes great pleasure in declaring 
his obligations to Gen. Francis L. Vinton, E.M,, C.E., of 
Denver, Colorado, formerly of the School of Mines, 
Oolumbia College, who was among the first to appreciate 
wnat merit is in the book, and who was the first to place 
such confidence in it as to devote labor to the subject 
himself, and to start the method on its career in the 
world by bearing the expense of its first publication. 

For valuable suggestions and just criticisms, many 
other distinguished gentlemen have the hearty thanks of 
the 

Author. 

Nmw York, October 1, 1877. 
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FORMULAE 



For the calculation of Railroad Excavation 

AND Embankment. 



TREATMENT OF INTERMEDIATE 
STATIONS. 



The manner of calculating regular cross-sections of 
excavation and embankment, contained by uniform 
slopes, has been reduced to formulse by many authors, 
representing the operation in concise form ; and these 
formulas, modified by the third dimension, length, have 
been moulded to express the content of a volume 
between two such sections, and even the bulk of a series, 
indefinitely extended, of such volumes, lying consecutive 
between cross-sections equi- distant, the width of road- 
way and rate of slope, of course, remaining the same 
throughout the whole length. We now propose to un- 
fold a method of computing by formulae the contents of 
a series uninterrupted by the presence of vols, however 
unequal in length, and show the advantage attending 
this plan, after revieving as briefly as possible the 
method now in use. 

The accompanying diagram represents the cross- 
section of a railroad cut, h being half the width of 
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toad-bed, c centre-height, r elevation of right slope- 
stake above grade, r' its horizontal distance from near- 
est side of road-bed, I elev. left slope-stake, V its hori- 
zontal dist. from nearest side of road-bed, and w the 
entire top-width or horizontal dist. between slope- 
stakes. The area of this section is evidently 

r I 
Let S denote the ratio of slope: then S=- =-, and 

r=Sr', l = Sl'. Substitutiug and redixciug. 

Area Section = ^Sb{r' + 1') + ^c{r' + l' + 2b). 

Adding and subtracting St/ do not change its value ; 

.-. Area Section = ^8b{r'+l' + 2h)-8b' + ^cir' + l'+2b), 

or J||@~ Area Section = ^w{c + Sb) — Sb^. 

Supposing vy, c' to represent width and centre at next 
station, the area of its cross-section may be expressed 
by a formula similar to the above : half the sum of these, 
multiplied by dist., D, between, and divided by 27, gives 
a near approximate of the volume bet. in cu. yds. 

J||@" Vol. = (wc + lu'd +Sb{to+ w') - 4:8b')T^ ■ 

Add two consecutive volumes of equal length by 
means of the general formula, w",c", representing the 
width and centre of third cross-section : 

Vol. = (wc + 'hjo'd -f- w;"c" -|- Sb{w -|- 2m;' -^w")- SSb^)^^. 

By continual addition we may get a formula for the 
sum of any number of consecutive volumes ; but, letting 
n denote the number of volumes, we muy at once indite 
a general formula for the calculation of any number of 
volumes consecutive. Thus we have 

F-„/-i wc+2w'c'+d:c.+2w„G„+iv„+iC„^i ) Z> 
KOt— I +Sb(tv+2w>+d:c.+2w,+w„+,)-4Sb'n]iQg- 

Divide and multiply by 2 to convert formula into 
more convenient shape, which now may be expressed 

{mid-prods -f^ end-prods. ) j-. 
+ Sb{wid-ividths + lend-ioidths) V — . 
— 2Sb^x no. of vols. ) 54 



Let ns Jllnstrate tbis formula by applying it to the 
following extract from a field book, containing columns 
of stas., centre cuts, left and right heights and dists. of 
slope-stakes, the road-bed being 18 ft., slope, 1 to 1, dist. 
apart of stas., 100 ft.: 



Sta. 
1 
2 
3 
4 
5 



Centre. 
3.0 
5.1 
6.4 
7-2 
9.0 
6.7 



Left. 



ElGHT. 



e 



TT 
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Tb. 



__2. A 
Tars 

1 0-4 



Sta. 
1 
2 
3 
4 
5 
6 



Operation. 
Widths. Centue. 



11.55 

27.8 

31.5 

34.1 

38.0 

15.85 



doiSbx 158.80 



Prods. 

X 3.0 = 34.65 

X 5.1 = 141.78 

X 6.4 = 201.60 

X 7.2 = 215.52 

X 9.0 = 342.00 

X 6.7 = 106.195 

1071.745 
1429.2 
—810. 
9 )169094.5 
6 )18788.3 

3131.38 cu. yds. 

As stated in introductory paragraph, the method of 
combining consecutive vols, of equal length in series i^ 
common ; but the foimulae used for this purpose are 
various. We have been able to find none more concise 
and fit for combination that those of this paper. For 
iustance, as an example from a popular book, Mr. 
Heuck, to calculate above series, would use a table of 
ten columns. [See example on page 105 of his Field 
Book.] Three of these are cols, of prods.; five cols, 
must be summed, the first one three separate times, 
omitting certain values in each addition, the second 
also three times, and the third twice, making iu effect 
ten cols, to be added. The worjj under the cols, is 
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proporl ion ally long. In the formulae of this paper the 
variables are reduced to two, the width and centre, and 
all the other values, being constant, are eliminated from 
the calonlation of each cross-section and used each 
once only in a series. 

Evidently by this method an entire cutting or bank 
cannot be considered in a single series, if it contain one 
or more vols, of minor length, which not only interrupt 
the series, but must themselves be each calculated sing- 
ly. From this it would seem at the outset a great 
convenience to be able to compute the whole cut or fill 
in one operation, regardless of the no. of minor vols, or 
the variety in their lengths ; but the nature and extent 
of this advantage will become more clearly apparent as 
we discuss the manner of obtaining it. 

Let a represent the area of one end of a vol. whose 
length m D ; let b represent the area of the other end, 



--i)--. 



i3 — 



and c the area of an intermediate cross-section, distant 
Z>' from a. Then 



D" 



i 



Representing another intermediate by d, we obtain 
the same manner for the vol. 



in 



hD{b+c) + ^D'{d-b) + ^D"(a-c). 
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With third interm., e, we have 



hl){b+c) + hl>'{d--b) + ^Z>"(e-c) +^i)"'(a-d). 

It is noticed that the first terms of these formulae are 
identical, being in every case the prod, of half the 
entire length of vol. by sum of areas of last interm. and 
last end. The remaining terms we call the corrections 
for interms., each term being the correction for one 
interm., having for its coefficient the dist. of that interm. 
from first end, and for a quantity within the parenthesis 
the difference of sectional areas next one on each side. 
This arrangement of values remains unaltered, consid- 
ering any no. whatever of interms, 

Substituting in place of symbols o, h, c, dec, in the 
expression for three interms. the formula for areas of 
railroad cross-sections, the positions of lo, to', &c., mark- 
ed in diagram, the centres of same sections accompanied 
by corresponding strokes, and reducing, we obtain for 
content of vol. with three interms this expression: 



w"c" + w'd -H 8b{v}'' + w') -iSfr' i j^ 
Jw"'c"'-w'c'+Si{w"'-tu') )^ 

J w""(J"'-w"d'+8b{w""-w") \^ 
-H wc-to"'&"+Sb{w-w"') j^ 

The expression representing ordinary process is 
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/ \D"' 

[wc-\-io""c"" + Sl{n- + tu"")-ASW\-^ 

I \D" 

+ iu""c"" + io"'c"' + Sb{tv"" + iv"')-4:Sb']—^ 



-D"' 



108 
-D" 



+( w'"c"' + io"c" + 8b{io"' + w") - 4 Sb^ I— j^^g 

+( w"c" + lu'c' + /S^Cty" + IV') -iSU" 1^-^' 

These expressions contain each four principal terms : 
of the latter, each term includes the subtraction, —AsV, 
while only one term of the former contains this sub- 
traction ; and this term, having for coefficient the 
length of a full vol., D, we intend to combine in series 
with the other full vols, of cut or fill, where this sub- 
traction will be eliminated from the term and supplied 
by the common subtraction of the series. Therefore, 
by this new method of calculating minor vols., the 
subtraction, —^^V', otherwise unavoidably present in the 
formula of each, is virtually eliminated from all. Again, 
three terms of the former contain the differences of 
sectional prods, and widths, instead of the sums, a very 
important feature of brevity in favor of that expression. 
Furthermore, for coefficients the first expression has 
D, the length of full vol., always 100 ft. or some other 
easy factor, and D', D", D'", the actual dists. of interms. 
as recorded in field-book ; whereas the latter has only 
one coefficient as noted, the other three being found by 
subtraction. These points of brevity belong to this 
method when tieating a vol. with single interm., but in- 
crease in value with the number of interms. 

As lately remarked, the first term, whose coefficient 
is D, we shall include with the general series, leaving 
the remaining terms to serve as a correction. This 
term, as before shown, is the same whatever be the 
number of interms., always being similar to the formula 
for the whole vol. except that the prod, and width of 
last interm. are used instead of those of first end. The 
formulae of correction may be reduced to the following 

EuiiE OF COB. for any no. of interms., being the amt.in 
cu. yds. to be added io the content found by areas of last 
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interm. and last end, multiplied by half the length of 
entire vol., to find the true content of a vol. which has 
any no. of intermediate cross-sections. 

Mtdtiply the dist. of each interm. from first end by the 
sum of these tioo differences, viz: the difference of tJie 
prod, of the section next before and the -prod, of the section 
next folloiving, and the difference of the sectional width next 
before and vndth of the next section following, the latter 
difference multiplied by 8b. Divide all by 108. 

Now, it is clear that to calculate the contents of a cut 
or fill we may regard it as having fuU stas. only, and 
use the original rule for solution, with the exception 
that vols, containing interms. must be calculated by 
means of last interm. and last end cross-sections instead 
of by end areas ; and afterward apply the rule of cor. 
for interms. just enunciated. It only remains, then, to 
reconstruct the original rule so as to provide for the 
above-mentioned exception to the former plan, when 
we shall have a guide to a very simple and uniform 
method of calculating the contents of a cut or fill. 

If the first vol. of cut or fill contain interms., by the 
foregoing exception we disregard the, width and prod, 
of first cross-section and use instead those of last interm.: 
but, if interms. occur in a middle vol., half whose first 
end-section belongs to the vol. next before, we omit 
half only of its prod, and width, and use instead those 
of last interm. This being the only alteration in the 
original formula for series of equal-lengthed vols., we 
shall now restate it, including the exception for interm. 
sections. 

Rule for a near approx. calculation of the entire 
contents of a cut or fiU bet. end full s.us. 

Add oM tJie midwidths, except those followed by interms., 
of which add the half-vndt/is increased by the half-widths 
of last interms. Add to this sum the half -width of last end- 
section; and. the half-ividth of first end-section, except it be 
followed by interms., in ivhich case omit it and add instead 
the half-ioidth of last interm. Multiply this sum by 8b. 

Add to tJw above the fiJl prods, of sections where full 
zvidths have been used, half-prods, luhere half-ividths hive 
been used, and no prods, ivhere no vndths have been used. 
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From this entire sum suhtrad, 2 Sb^ muUiplied by the no. 
of vols, bet, fiM staa. Multiply remainder by dist. bet. 
consecutive full stas., and divide by 54. 

Apply the ride of cor. for interms. 



Let us apply this rule to the following extract from 
field-book, where the fall stas. are 100 ft. apart, the 
slope 1 to 1, and roadbed 18 ft. wide. 



Sta. Oentee. Left. ' Right. 



1 


4.1 


Ti\i 


Ti:f 


+ 40 


5.2 


t1.-& 


Ti.i 


2 


5.4 


Ti:\ 


tI:* 


3 


5.9 


xt:* 


Ti:i 


4 


6.3 


Tf:t 


Ti:f 


+ 27 


4.6 


T-J:i 


-ri-.i 


+ 74 


7.2 


T*:l 


Tii 


+ 88 


7.6 


Tf:f 


ri:i 


5 


7.0 


T*:f 


ri.i 


6 


8.0 


Ti:f 


Tf:+ 


7 


8.6 


Tf:i 


Tf:f 


+ 19 


7.7 


tII 


T*:* 


+ 50 


7.4 


T-f:f 


Ti:+ 


8 


6.9 


ri-.i 


Tf:f 


+ 25 


6.8 


Ti.i 


rf.t 


+ 75 


6.0 


Ti:i 


rf:* 


9 


6.1 


ri:% 


T*:4- 


10 


4.8 


Tt:+ 


U 
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Sta. 


Widths. 


Oen. 
4.1 


Prods. 


CoRREOnON, 


1 




24.8 




101.68 




+ 40 


13.75 




5.2 


71.5 




- 2902 


2 


27.6 


27.6 


5.4 


149.04 


149.04 




3 


28.7 




5.9 


169.33 






4 


15.0 


30.0 


6.3 


94.5 


189.0 




+ 27 




27.2 


4.5 




122,4 


- 1516 


+ 74 




31.8 


7.2 




228.96 


-12996 


+ 88 


16.35 


32.7 


7.6 


124.26 


248.52 


+ 700 


5 


31.7 


31.7 


7.0 


221.9 


221.9 




6 


34.0 




8.0 


272.0 






7 


17.7 


35.4 


8.G 


152.22 


304.44 




+ 19 




83.2 


7.7 




255.64 


+ 2209 


+ 50 


15.45 


30.9 


7.4 


114.33 


228 66 


+ 2521 


8 . 


15.85 


31.7 


6.9 


109.365 


218.73 




+ 25 




31.9 


6.8 




216.92 


+ 2363 


+ 75 


13.65 


27.3 


6.0 


81.9 


163.8 


+ 11358 


9 


25.1 


25.1 


5.1 


128.01 


128.01 




10 


11.55 




4.8 


55.44 







266.4 



1743.795 

2397.6 
-1458. 
+ 8.185 
9 )269158.0 

6 )29906.4 

4984,4 cu. yds. 



-17414 
+ 19051 
+ 1637 
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Mode of Operation. 

Make col. of stas. and iuterms. as in field-book. 
Opposite under word Widths make two cols., the second 
of full widths to be used for cor., the first of widths and 
lialf widths according to rule. The rule of cor, for 
interms. considers full widths only ; therefore, since the 
first col. may contain either full or half widths, it is 
conveiiitnt to fill a second col. solely with full widths, 
where required, especially for the cor., the places where 
thebe full widths are neceissary being the sections next 
one on each side of each interm. The first col. has, 
according to rule, entire widths at mid stas. and half- 
widths at end stas., with the exception that, if the first 
sta. be followed by interms., the half width of last 
interm. is used instead, and, if a mid sta. be followed by 
interms., half only of its width is used, and in place of 
the other half is used the half width of last interm. 
section. These cols, are formed together by adding 
mentally froui field-book, setting down the widths and 
half widths in each col. as required. But where so 
many interms. occur as in this example it is more 
convenient, perhaps, to fill the second col. completely, 
since it must be nearly filled as it is, and afterward 
transfer the widths and half widths to first col. Next 
under word Pbods. construct two cols., each containing 
the prods, of centres by the values in corresponding col. 
of widths. Both these cols, are also formed at once by 
multiplying each centre by most convenient number 
opposite in cols, of widths, setting prod, in corresponding 
col. of prods., and multiplying or dividing by 2, merely 
transferring or entirely omitting, as the case may be, to 
find the prod, for the other col. Add the first col. of 
widths and the first col. of prods., as before. For the 
cor., multiply the dist. of each interm. from next full sta. 
before by the dif. of prods, in second col., one on each 
side of interm., added to 9 times [=iS'6] the dif of 
widths, one on each side of interm. in second col. of 
widths, always subtracting the lower from the upper, 
using the consequent plus or minus sign, and setting 
result in col. of corrections. Since this col. must be 
divided by 108, it is unnecessary to consider decimals : 
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for, assuming the decimals to average half a unit each, 
216 interms. must be present in a cut to make the sum 
of these fractions amount to 108 units, and this is merely 
equivalent to 1 cu. yd. Moreover, as these corrections 
have opposite signs, a far greater no. of interms. would 
be required to make a dif. of a cu. yd. by their decimals. 
For first interm., add (101.68-149.04), or -47.36, to 
(24.8-27.6) X 9, or -2.8x9, or -25.2. The sum is 
-72.56: this multiplied by 40 is -2902. For interm. 
at sta. 4+88, we have 228.96-221.9+9 x (31.8-31.7) 
=:7.96. 7.96 x 88=700. Instead of dividing total cor., 
1637, by 108, transfer half to results under col. of prods., 
which have for a divisor 54; but, since these results 
must be multiplied by 100, move the decimal point of 
correcting quantity two places to the left. 

Concerning the brevity of this metl)od, we have already 
demonstrated its advantages when applied to single vols, 
with interm. cross-sections ; and of course all the advan- 
tages of the parts are collectively the advantage of the 
whole system, when used to calculate in one series the 
entire cut or fill, over the old method of dividing into 
several series and many single vols. But there are 
besides those already discussed, certain merits peculiar 
to the system as a whole that were not noticeable while 
considering the single vols, alone. These merits consist 
rather in avoiding several disadvantages, which in the 
old method are unavoidable. 

Thus, by the old method, the work being computed 
in separate series and single vols., the end sections of 
these series and vols., except the first and last cross- 
sections of cut, are common each to two series or vols., 
and must each accordingly be included in the calculations 
of both ; so that to estimate a cut or bank containing 
numerous interms. necessarily the prods, and widths of 
many cross-sections must be treated twice. 

Again, it is evident by the mere mention that a 
system of numerous separate series and vols., the 
quantities of each by itself to be added and modified 
by the common factors of the series or vol., the final 
results of all again to be combined, necessitates the 
employment of more time and greater space than does 
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this method of compacting alltlie quantities in one set of 
cols., once to be added, and once only to be modified by 
the factors common to all. 

It is likewise as evident that this method of calcula- 
ting an entire cut or bank in one concise table is more 
neat, scientific and convenient than the ordinary manner 
of separate calculation ; and that it is therefore also 
more fit in shape to preserve these calculations. 

For these reasons, illustrating the advantages of 
brevity and convenience, we advocate the practice of 
this system of calculation, wherein all the full vols., 
whether pure or containing intermediate cross-sections, 
are computed together by one rule, and all the inter- 
mediates by one correction. 

The value of these points of brevity, stated here in 
the abstract, will be fally appreciated if the above 
example be examined with this regard. Without using 
the plan of including interms. hardly any of the advan- 
tage of combining vols, can be gained, because scarcely 
two together of the example have equal length. The 
first vol., 40 feet long, must be considered alone, its 
widths and prods, separately added, the former sum 
mutiplied by 8b, then added to the latter, a subtraction 
made, and finally the result must be multiplied by 
40. In fact, nearly all the work under the cols, of the 
example as solved by corrections must be done for that 
single vol. The same is true of the next vol, 60 ft. long. 
The next two vols, may be calculated together, the fol- 
lowing four singly, the next two together, and all the 
rest singly, making fifteen separate operations to be 
performed, each containing all the elements of the whole 
example. Again, the cross-section at sta. 14-40 must be 
used to find the content of first vol. ; it must also be 
used in another calculation for the second vol. The 
section of sta. 2 must be used vdth second vol., and also 
with the following series. Sta. 3 need be used but 
once. With the exception of the first and last stas. 
always, and in this case of stas. 3 and 6, every sec- 
tion must be used twice. This alone requires 14 
extra lines. And, since the calculation thus con- 



19 

sists of 15 distinct operations, each requiring for tiie 
sum of its prods, one line, a second for sum of widths, 
a third for the subtraction, a fourth for the sum of these 
three, and a fifth and sixth to find the prod, of tliis sum 
by length of vol., there must be 15 X 6, or 90, lines to 
accommodate the operations under the cols., instead of 
the 7 of our illustration. This is an addition of 83 
lines, which with the other 14 make, besides the proba- 
ble intervals between the different operations, the last 
a consumption of space not time, 97 extra lines for the 
calculation. After all this the results of the single vols, 
must be added and the sum divided by 108 to find the 
cu. yds., and the sum of the results of the different series 
must be divided by 54, the last two sums finally com- 
bined to make the answer, this summing of results being 
equal in space to a col. of our illustration. The relative 
amounts of actual figuring are thus perceived. 

Of the method by correction the extra col. of widths 
and that of prods., although increasing the apparent 
bulk of the operation, contain no real extra labor except 
the mere writing of the numbers ; for, whether to find 
the fuU or half widths of sections for first col., the full 
widths must of course be first found, and we have only 
to set these in the second col. where required. In cols, 
of prods, the full prods., half prods, and blank spaces 
occupy positions corresponding with the full and half 
widths and blank spaces of the cols, of widths, requiring 
a mere transfer from one col. of prods, to the other, or 
at most simply a doubling or halving of values. 

By the old method as many operations must be per- 
foi med, with a dist. less than 100 ft. as a factor, as there 
are minor vols., 12 in this example : by the correcting 
method a dist. less than 100 ft. is used as many times 
only as there are interm. stas., 8. 

Eegarding the differences of widths and prods., used 
in the new method, opposed to the sums of these, as 
used in the old, let us examine the example. Subtract- 
ing one width in the second col. of widths from 
the second above, in every instance cancels the 
figure of the tens place, leaving only a figure in the 
units place, with generally the decimal; while some- 
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times, as for the interm. 4 + 88, where 31.7 is taken from 
31.8, both the figures of tens and units places are 
removed. But to add two widths gives a far more 
considerable number to use as a factor. Differences in 
the col. of prodp. in almost every case lose the figure 
of hundreds place, and occasionally of the tens place 
also, as for interm. 4 + 88. The sum of two prods, is a 
much more troublesome number to use. 
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CORRECTION OF APPROXIMATION. 



The foregoing method of calculating earthwork is 
approximate. To find the true contents we use a for- 
mula of correction, which is obtained in the following 
manner. It is well known that the exact content of a 
vol. of earthwork is obtained by use of the prismoidal 
formula, whether the ground be a right plane, or the 
more general hyperbolic paiaboloid or warped surface. 
That is, to find true content add to the sum of end areas 
four times the area of a cross-section midway bet. ends, 
and multiply sum by ^ the length of vol. Let 

^w{c + Sb)- Sb\ Iw'ic' + 8h) - 8W 

be the end areas of a vol. of earthwork. Then ^ {to-\-io'), 
^{c+c') are evidently the width and centre of mid-sec- 
tion, and its area is 



/c-t-c' \ 



Multiply this by 4, add thereto the end areas, multiply 
all by ^ D, and divide by 27, to obtain in cu. yds. 

_ / 2(m;c -I- w'c') + {wd -\- w'c) \ D 
True vol = y +^Sb{w+w')-ViSV /'324- 
Th is formula would prove very unwieldy to carry 
through the calculations for series of vols., especially in 
the consideration of in term. stas. The same results 
may be obtained in a simpler manner by using the dif. 
bet. true and approx. contents as a correction. Sub- 
tracting the approx. vol., 

{wc + w'c' + 8b{w + w') - 4/S'62 )t§^, 
from the true, we have for the error or correction 
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(tvc' +iv'c—ioc—w'c')I) {w—w')(c'—c)D 
324 324 

The advantages of using a separate correcting formula 
are the following: 

If it be desired to make only a hasty approx. estimate, 
we have a short method by the approx. formula ; whereas, 
were the table of operations constructed upon the pris- 
nioidal formula, a great amount of unnecessary work 
would be unavoidable. 

Even if the true contents be required, it is founrl by 
trial to be much easier to approximate first and after- 
ward correct than to use tbe exact formula at once. 
Thus, to find true content of single vol., we may use the 
approx. formula and afterward the correction in its sim- 
plified form on the right; but to combine these the cor. 
must be augmented to the difficult shape on the left in 
order to be taken into the parenthesis. The dif. of labor 
is still greater in the combinations of vols. 

Another very excellent advantage is the facility with 
which, by means of the correcting formula, it may be at 
once determined whether a cor. is required at all or not, 
thus frequently saving much unnecessary labor. Sup- 
posing the widths of end-sections to be equal, we see 
immediately by the correcting formula, 

(w-w')(c'-c)-^, 

that the cor. is nothing, while the pris. formula rpqnires 
as much labor for this case, as for any other. Tlie cor. 
would also be nothing if the centres were equal. Again, 
supposing the centres to vary by one-tenth [0.1], the 
length of vol. being 100 ft., the widths must vary by 
32.4 ft., scarcely a possibility, to make an error of 1 cu. 
yd. : of a vol. 50 ft. long they must vary 64.8 ft. Hence 
it is seen that, where the widths or centres of a vol, 
vary by a few tenths only, the cor is immateriiil. Now, 
since in any series genei ally from ^ to ^ of the vols, 
need no cor., we are able to achieve a correct result 
within a very small fraction with comparatively little 
work by the aid of this method of selection, as will be 



23 

shown in correcting the last example of approximate 
work. 

Another inference to be drawn from the correcting 
formula is tliat, where the width and centre of one sec- 
tion are both greater than those of the next, the cor. is 
a minus quantity ; where one measurement is greater 
and the other less, the cor. is plus : and, since, when 
one measurement is greater, the other is likely to be so 
too, the approximation of earthwork by end areas is 
generally au over-estimate. 

We see by the formula that to correct a toI. the dif. 
of widths, found by a subtraction in one direction, must 
be multiplied by the dif. of centres, resulting from a 
subtraction in the opposite direction, this prod, multi- 
plied by the length of vol. and divided by 324. Apply- 
ing this rule to the second vol. of first example, we have 
width at sta. 2 \TJ.Q'\-vndth at sta. 3 [31.5] = -3.7: 
centre sta. 3 [6.4] -centre sta. 2 [5.1] =1.3. -3.7 X +1.3 
X 100 =—481. Set this in an extra col. Treat each 
vol. in like manner, remembering first and last numbers 
in col. of widths are h.iH widths. We here represent 

the col. of correctioDs of first example. The 

PRis. COR, sum,— 3827, divided by324,is —11.81 ou.yd.s. 

— 987 This added to the approx. result yields for 
~ ^81 the true answer 3119.56 cu. yds. In the sec- 
"" „„? ond example the dif. of widths of first vol., 

— 1449 ^y subtraction downwards, is —2.7, of cen- 
12)3827 *''®^' ^y subtraction upwards, is 4-1.1. —2.7 

9")319 X -I- 1.1 X 40 = — 119. The cor, of second vol. 
oNoe A we instantly discover to be inconsiderable, 
— iTSl Cor because the dif. of widths 

313l]37 Approx. con'ts. is only one tenth. This 
3119.o6 True con'ts. cor., if calculated, is found 

to be no more than -yfo- of 
a cu. yd. Bet. sta. 4-1-74 and sta. 5 the corrections are 
too small to be considered, because its vols, are short 
and the centres differ by a few tenths only. In this 
example 8 vols., of the total 17, need no cor., a fact 
discoverable by the formula without actual labor. The 
error of the 8 vols, is altogether only ^ of a cu. yd. 



PRISMOIDAL. 
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At the expense of | of a cu. yd. more, Corrections 
the cor. of 4 other vols, may be dispensed iwtermh 
with. So, using the correcting formula, 
we may take as little trouble ns we 
please, or, on the other ha.nd, attain as 
perfect a result as desired. 

Instead of dividing the sum of this 
col., —1504, by 324, move the decimal 
point two pliices to the left, and, di- 
viding by 6, place the result with those 
under col. of prods, as was done with 
I he sum of corrections for interm. stas. 
The cor. of first example may be like- 
wise treated. 

Decimals need not appear in the col. 
of pris. cor, for the same reason that 
affects the decimals in the col. of oor-^ 
reccions for interms. 



- 119 


- 55 

- 52 

- 13ri 

- 584 



- 230 

- 84 





~m 

U" 

- m 

12)151)4 



9) 125 

3)14 

Correction = — 4.7 

Approx. con'ts=4984.4 

Traecon'ts=4979.7 
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LEVEL SECTIONS. 





The surface line of a cross-section may be nnbroken 
at centre stake, as shown in jSrst diagram ; and for this 
case some authors construct especial formulae, using the 
symbols of side-heightsinstead of centre. But such form- 
ulae require greatly more labor than those which use the 
centre height; and since the hist is always known, and 
the section itself is susceptible of division into the four 
triangles upon which the formulae of this paper are 
based, tliere is no need to consider this an especial case. 
But if the surface be level, as frequently occurs in long 
stretches of river bottom and prairie lands, all the for- 
mulae may be appreciably leduced. Thus for the area, 
substitutiag in the formula 



^w{c+Sb)-Sb' 



2o. 



the value of lu in terms of c, [w=2h-\ — —,] and denoting 

' o 

for convenience the entire road-width by B, we obtain 

Level area =Bc+-^, 

I 1 \^ 

Approx. vol. = i B(c-\-c') + -(c? + c'^) |— , 



or 



'2(5 

/ 1 \^ 

N voh. = [B{c + 2c' + &c.) + - (c^ + 2c'2 + &c.) |— , 

i B {mid-centres + ^ end-centres) ) jj 
-^{mid-centres'' + ^ end-centres^) j 27 ' 

JS@=- Pris. cor. = -^s{c-c')'. 

Let ns illustrate by the following example, found 07) 
page 99 of Henck's Field Book, where 5=28, \=i, 
and the centres as recorded iu col. headed c, except 
first, and last, which in agreement with the formula are 
halved : 

Sta. c (? {c-c'f 






1 


2 




1 


4 


16 


4 


2 


7 


49 


9 


3 


6 


3() 


1 


4 


10 


100 


16 


5 


7 


49 


9 


6 


6 


8() 


1 


7 


'Z 


8 


4 




43 


296 


44 




28 


71 






1204 


288|xf 

433 
1204 

91163700. 
3|18i88.9 








6063. cu. 


yds. 



This table of calculations for level sections is identi- 
cal with Henck's and others' in cols, headed c and c*, 
but differs from all others in last col., which Henck fills 
with prods, of each pair of consecutive centres. The 
difference arises from the use here of the correcting 
formula instead of the exact expression for the whole 
contents at once : and the advantages attending the use 
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of tlie separate cor. are the same for level sections as 
for the others. Thus, iiltliough tlie example above is 
too simple to show a marked difiference, it may readily 
be conceived how it is far easier to get the difference 
between two consecutive centres, fiequently having a 
very small remainder and with fewer digits, and square 
this, than to find the piod. of the same. In pioof of 
this we may point out the fact that, while the sum of 
the last col. as above is only 44, the sum of the last col. 
by Henck's method for the same exninple is 274, results 
indicating directly the comparative bulks of operations 
necessary to fill the respective cols. 

It is noticed that the cor. embraced by this col. is al- 
ways a minus quantity for level sections. The divisor 
of the sum is 6 times as great as the divisor of the next 
col. ; wherefore, divide the cor. by 6, setting quotient as 
obtained under next col., subtract, divide hy S [=%], 
add in the prod, of B [=28] by sum of 2d col., and for 
cu. yds. divide by 27. When iS'=l, we need simply add 
296,— 7| and 1204. Henck used the value f for -I in 
this example because it makes his formula easier. 
. Intermediate stas. rarely occur on level ground, and 
more rarely would they happen to be level also, so the 
cor. for interms. need not be reconsidered, though if re- 
quired it can easily be constructed and applied. 

Of course, where but several level-sections occur in a 
cat it is not advantageous to alter the mode of calcula- 
tion or remove them from the general tables,_ where 
they are as correctly treated as the rest ; but, where 
many such sections follow each other consecutively, the 
method last discussed is a sensible improvement upon 
the former. 
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IRREGULAR CROSS-SECTIONS. 



Over very uneven ground cross-sections of earthwork 
must necessarily be exceedingly irreg.; and such, it is 
seen, must interrupt the series of vols, in which they oc- 
cur, so that by the formulae already established no entire 
cut or fiU, containing one or more irreg. sections, can be 
calculated in one operation. As far as we have seen, 
no formulae have been constructed fqr this class of sec- 
tions, mere hints being given for their convenient com- 
putation, as, regaiding the diagram, to find areas of 
trapezoids, r u vl r', u u' t' t, &c., and subtract from 

A 




their sum the outside triangles, 

viding into triangles, to solve r r' u', I V p', singly, 

and in pairs all the other triangles, B,sr uu'-\-u u' t- 



vl 



I I' I", or, di- 



uu'xt' r', <&c., subtracting ontside triangles from the 
sum. We submit the following demonstrations, whose 
object is to combine vols, bounded by irrreg. sections 
in the same series with tiie reg. 

In the accompanying diagram is represented the right 




portion of an irreg. section of one " breat," the broken 
surface line being "above the straight line drawn from 
the surface at centre to top of slope, the latter showing 
tlie surface line of an imaginary reg. section of same 
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base, centre and slope. The area of a whole reg. sec- 
tion is 

of right- portion, letting x represent width, 

ix{c + Sb)-iSb'. 
Adding to the latter area the triangle above the reg. 
portion, we have the area of the irreg. section. Let in 
be the height of vertex of break above grade, m' its dist. 
from centre. Draw a line from top of slope parallel to 
base, making a triangle with line to top of centre and 
with the excess of centre height over slope elev.; also a 
smaller similar triangle, having for a base part of m 
denoted by a. From these triangles we derive 

_{x — m')(c — 7-) 

X 

The part of m below the horizontal line is equal to r ; 
therefore, subtracting r+a from m we have the portion 
of m included in the upper trinngle, which multiplied 
by hx is the area of that triangle. 

Area triangle —^x{in — c) + ^m'(c —r). 
Adding to the reg. portion of section, we have 

Area right section =:^x{m+ 8b) +\m,'{c~r)—\S'y^. 
If the break be below instead of above the surface 
line of reg. section, the 

Area triangle =\x{c —m) + ^m'{r—c) ; 
but in this case its area must be subtracted from the 
aiea of reg. section. Changing the signs, therefore, we 
have the same formula to add to the formula for reg. 
section as before. Hence, in all cases, the formula given 
above for the area of right-section remains Irue, whether 
the break be above or below surface line of reg. section, 
and, as may also be proven, whether the slope be 
higher or lower than centre, 

Consider the diagiam reprepenting a right-sectiou 

I 
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with two breaks, c m to r is tlie surface line, c r the top 
line of reg. section. Praw c n. As with last diagram, 

Area triangle cnr = ^x{n — c)-\-\n'{v— r). 

Area triangle c m n=\n'{c — m)-\-\m'{n — c) 

If to the formula for reg. part of section tlie first 
triangle be added and the second subtracted, 

Area right section^ j ^''^]^^J(^ltr)-^lsif^ ] • 

This formula represents any form of right-section con- 
taining two breaks. 

The formula for three breaks, jo being the height of 
third from centre, and p' its dist. theiefrom, is similarly 
found to be 

\x{p-\-8l>)-{-\m'{c- n)+in'{m-p)+ip'(n-r)~i8ly' ; 

and we see that to find the area of a side-section with 
any no. of breaks we have only to use the height of last 
bieak from centre instead of centre height in the formu- 
la for a reg. section, aud afterward add one-half the 
prod, of the dist. of each break from centre by the dif. 
in height of the breaks next one on each side, the one 
farther from centre, on surface line, always being sub- 
tracted from the one nearer. The same being true of 
the other side section, we have this 

Rule to find the area of an irreg. section : 

Multiply one-half each side-width by the height of last 
break on that side added to Sb. To tlie sum add one-lmlf 
tlie prod, of the dist. of each break from centre by the dif. in 
elev. of the breaks next one on each side, alivays subtracting 
the one farther from centre from the one nearer. Subtract 
81'. 

This method of calculating irreg. sections is similar 
in piinciple to the mauuer of treating interm. stas., 
before described, the dist. of each break from centre 
being multiplied by the dif. of heights of breaks next 
one on each side ; and some of the merits of the plan 
are still perceivable in its latter application. For an 
irreg. section of five breaks, as illustrated in first dia- 
gram, by the rule just given seven prods, must be 
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found, not so difficult as tlie seven trapezoids of the old 
method, and instead of finding the areas of the outside 
triangles and subtracting them, we have only to deduct 
the constant quantify Stf'. When combined in series 
with reg. vols, this subtraction is eliminated, as also the 
factor SI), making the process stiU simpler. 

But it is not to the simpKfication of the treatment of 
a single section, which must be confessed is compara- 
tively not great in case of the irreg. section, that we 
now tend, but to the construction of a formula for such 
sections that may be joined with the formulae for the 
reg., in order to avoid the inconvenience of dividing a 
bank or cut, having one or more irreg. sections, into 
separated portions, each to be considered alone, and 
afterward treating singly the vol. on each side of every 
irreg. section. To obtain this formula, let v represent 
the left side-width of an irreg. section, m the height of 
a single break on that side, m' its dist. from centre ; on 
the right let n and p represent the breaks. 

Area ) ( Left=^v(m+Sb)+^m'(c-[)-lSI^) 

Altering the shape of this expression, remembering that 
w=v+x, we have 



Area irreg. section=^Sljw+^ 



Peods. 

V7n+xp 
m'{c-l) 
n'{c—p) 
p'(n—r) 



-SU". 



Area reg. sedion=^Sbw+^ [ wc ] —SU'. 

It is noticed that the first and last terms of the respect- 
ive formulae are identical, and that the second occur in 
the same col., which may be headed Peods. Therefore, 

Area any section=^{Sbw + Prods.)— Sti^, 

which formula may be carried with perfect facility 
through all the combi^jations discussed in former part 
of this paper, the only distinction bet. reg. and irreg. 
sections, as represented by their formulae, being in the 
definition of the word Prorf., wl-ich for the former means 
the prod, of centre by width, and for the latter tlie sum of 
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jyrods., each found hy multiplying the disL of a break by dif. 
of height of tivo adjacent breaks. [In case of prods, vm, 
xp the same rule applies, siuce the top of slope may be 
considered a break distant by v orx, the next break nearer 
m or p, and, no break being beyond, this may be consi- 
dered zero, whence we have, agreeing wit-h rule, v (m— 0), 
X ip-O).] 

Therefore, the rule given for series of vols., as well as 
the rule for interm. stas., is perfectly applicable to irreg. 
vols. ; and in the table of operations the widths of both 
fill col. of Widths to be multiplied, together, by com- 
mon factor Sb, the prods, of both fill col. of Pkods. to 
be added together, aud finally the common subtraction, 
— Sl>^, is made once for both, as will shortly be illus- 
trated bv an example. 

There is smother class of cross-sections, which should 
perhaps be distinguished by ttie uame defective or im- 
perfect, wherein the entire base of section does not ap- 
pear, as in the accompanying diagram, where the sur- 
face line dips below grade in right-section. Evidently 




the portion of section above grade is excavation, and 
that below, filling ; therefore, if the surface line should 
be considered as it is, we should obtain as a result not 
the amt. of excavation nor of embankment, but the dif. 
of their quautities. As this dif. is rarely required alone, 
excavation and embankment must be considered sepa- 
rately. This is done by regarding the points where 
surfjice line crosses grade as breaks, and the surface line 
to be I men p r, of which the values of n and p are 
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zero. The area of the section is now correctly repre- 
sented by the formula for an irreg. section of corres- 
ponding breaks, viz. : 



( lv(m+Sb)+lx(p+8b)+iin'{c—l) 
I +^n'{c—p)+ip'{n—r)-8l)' 



\ 



This formula may be obtained from the section directly, 
as well as from all that follow, by means similar to those 
used in connection with irreg. sections; and it may be 
verified by substituting therein the actual values of the 
symbols. 

Take another instance where a portion of right-base 
doea not appear in the section of excavation. Since in 




the same series we must always have sections of equal 
bases, the base-of this section must be prolonged on the 
right to the proper dist. ; and now the surfacie line is 
considered to be Icmr, of which m is the only break, 
and m and r zero. Its formula is accordingly 

iv{c+Sb)+^u;(m+8b) + im'{c—r)—Sb\ 




IL-v 



The formula for the next section represented is 



iv(m + Sb) + ix{n.+ Sb)+im'{c—l)+in'{c—r)—Sb', 
3 ' 
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The next section may be regarded as rag. since its 




surface line is broken only at centre. Its formula is 

It is certainly not pretended that the formula, as ap- 
plied to such simple shapes as the last two or the next 
two following, simplify tlie same ; but it is shown that 
by means of this forinula, as an expression of area, any 
possible shape of cross-section may be included in the 
series and thus cause no interruption, which is the great 
advantage we wish to obtain. Neither does this formula 
augment to any sensible degree the calculation of sim- 
ple shapes, it being a mere form serving to direct the 
values to their proper places in the cols. Thus, for 
second section above, when in combination, the sub- 
traction, — Sb», is eliminated, as also 8b ; so we have 
merely to set in col. of widths the entire width, equal 
to the base of section, and for col. of prods, it is in- 
stantly seen that the first two prods, are zero, and the 
last two, m'c, n'c. The width of an imperfect section is 
the full width of roadway added to the width of whatever 
sloping the section may have. 

h 



1 




-\^-^ 'T~~" ^ 



The formulae for the next two are in order 

hv{m-\- 8b) + lx{c+Sb) + lm'{c -I)- 8b^, 

I kvip+Sb) + lx(c.+Sb)+'^m'{c~7i) ) 
\ + kn'irn-p) + lp'{n -I) -Sh^ f . 
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The formula for each of the following two sections i/> 




J**' 



which is the general formula for irreg. sections, m being 
the first break, n the second, measured on surface line. 
The formula for the next is rather long, but just as 






/ ^ 



-A 



easily constructed by the general law. Its surface line 
\f^ It p nmc g hk r. 

The last section shown is merely of side trimming. 
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the road-bed not being formed by excavation at all, yet 
the same rule applies and the same formula represents 
its area. The surface line is considered to be r c m « p 
t g hlcl, ot which the breaks are all in the left section. 
The first is evidently m, an imaginary pt., whose dist. is 
known to be the width of half base, and elev. zero; the 
second, n, the pt. where slope enters material to be re- 
moved. The formula need not be re-stated. This case 
is rare, but is here included to support the assertion 
that no possible shape of section, within limits of reg. 
slope and base, lie without the limits of the rule for the 
calculation of irreg. sections. 

We may now calculate approximately in one opera- 
tion any possible cut or fill. The reg. vols, may be cor- 
rected by the formula already given ; while the irreg. 
may also be corrected by a somewhat similar formula, 
which we shall now proceed to find. 

First the general rule may be stated, which is easily 
susceptible of proof, but for which we shall not yield 
space here, that the prismoidal formula may be correctly 
applied to every vol. bounded by parallel bases, however dis- 
similar tin shape and area, and laterally contained by a 
surface generated by a straight line moving along the per- 
imetersof the bases as directrices. This includes all vols, 
bounded by warped surfaces and surfaces of revolution, 
■which are generated by straight lines, and applies to 
the majoiity of shapes occurring in earthwork and ma- 
sonry. 

Irreg. vols, are generally very carelessly treated, on 
account of the great labor it would incur to calculate 
the data of mid-sections, then their areas, and after- 
ward apply the primoidal formula. Much of this labor 
may be removed by using a general formula for such 
Volumer, although this plan does not seem to have been 
hitherto employed. The method, often used, of con- 
verting end areas into equal level-section areas, and ap- 
plying to the resulting vol. the pris. formula, is extremely 
faulty. In fact, irreg. vols, should be very cautiously 
calculated, as the ratio of error incurred by using ap- 
prox. methods is immensely greater than when the 
same are applied to reg. vols. 
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In illustration of this, consider the right side of an 
ivreg. vol,, shown in diagram with numejical values, m 

X' 




9 6 

and ilf being the breaks of the two sections, supposed to 
represent the features of the same hollow, extending 
from one section to the other, m and M are therefore 
considered to be connected by a straight line dividing 
the two surfaces m c c' M, m r r' M, one warping from 
m c io M c', the other from m r to ilf r'. The half-base 
is 9 ft., slope 1 to 1. 

Area triangle c m r=^x{c—m) + ^m'(r — c) , 
or il5(5-4) + ^.ll(6-5)=13. 

c'r'M= ^.14(10-7) + ^.6(5-10)=6. 
The vol. having these triangles for bases is bounded 
laterally by a surface generated by a straight line mov- 
ing along perimeters of bases ; hence its content should 
be calculated by pris. foimula. Of mid- section the 
centre-height is -^, width 2:^, elev. of break ^^, (list. 
'''^' , and slope height 2:^. Substituting these in the 
formula fur area of middle triangle, we have 

or numerically, ^. mid. tri.=6, 



.C+C'\ 
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no greater than the area of small-end triangle. This 
serves as an illustration of a twisted vol., wherein the 
mid-section and consequently the content are much 
diminished by the twist. Here we have 

True z7o?. = (134-6-|-4x6)J-p=716| cu.ft., 
Approx. t?oL = (13 + 6)^4^^ = 950 cu.ft., 

where it is seen the approx. is a vast excess over the 
true content: and, since this twisted prism must be 
subtracted from the vol. bet. reg. sections, the approxi- 
mation in this instance for the whole irreg. vol. falls 
short of the true content. Let us see. 

A. vear irrec^. sec<. = 4.15(4 + 9) + J.ll(5-6)-40.5 = 5l.5. 

A. far irreg. sec<.=^.14(7 + 9) + |.6(10-5)-40.5 = 86.5. 

Appro(k. irreg. uo?. = (51.5 + 86.5)1^ = 6900 cm. ft. 

A. near reg. section =^ ^. 15 {5 + 9 )—iO. 5 = 64:.5. 

A. far reg. section = |.14( 10 + 9) - 40.5 =92.5. 

Approx. reg. w/.= (64.5 + 92.5)if^ = 7850 cu.ft. 
Pris. cor. for reg. vol. = {10 — 5){15—14:j^^--=+4tl§ cu.ft. 

True reg. voJ.= 7891| " " 

True content twisted prism— — 7]6| " " 

True irreg. vol. =265.74: cu. yds. = 7175 " " 
Approx. irreg. voL =255.55 " " =6900 " " 

We see that the approx. result for the irreg. vol. falls 
short 10 yds. in a true vol. of 266 cu. yds., only 1^ of 
which is recovered by application of pris. cor. to the 
whole reg. vol., while the remaining 8| yds. is due to 
the cor. of a mere strip of vol., whose true content is 
no more than 26^ cu. yds. By this it becomes evident 
that it is vastly more important to apply the pris. cor. 
to vols. bet. irreg. sections than bet. reg., the cor. in 
this case for reg. vol. being but 1^ yds. in 292. whereas 
the cor. for the irreg. vol. is 10 cu. yds. in a true vol. of 
266. 

To find the shape of pris. formula as applied to irreg. 
vols., consider a vol. bounded by irreg. sections, of 
which c, r, I, v, x, are the centre, right and left slope 
elevs., left and right side- widths of first, the same 
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measTirements of second correspondingly c', r', V, v', xf. 
In the first are one break on left, elev. m dist. m', two 
breaks on right, elevs. n, p, dists. n', p'; in the other 
corresponding breaks of alt. M, N, F, dists. M', N', P'. 
The areas of these by rule are respectively 

iv{m+Sb) + ^xip+ Sb) + ^m'{c - 1) 

hv'(M+ Sb) + lx'(P + ^6) + IMid ~V) 
+^N'{c'-P) + hP'iN-r') -8b\ 

The corresponding values of mid-section are fonnd by 
dividing the sum of similar measurements of end- 
sections by 2. Its area is, therefore, 

^^{v + v')in^^+Sb) + i{x+x'){£^+Sb) 
+ ^(p' + P')(r^-I:^)-Sb^. 

Mtdtiply mid-section by 4, add thereto the sum of end 
areas, and multiply by ^ length, to find true vol. From 
this subtract the approx. amt., found by multiplying sum 
of end areas by one half length. The remainder is the 
pris. cor., being in cu. yds. 

{v-v'){M-m) + {x-x'){P-p) 
+ {m'-M'){{c'-l')-{c- 
+ (p'-P 

This is more conveniently expressed in words. The 
first term is the dif. of corresponding side-widths multi- 
plied by the dif., taken inversely, of corresponding last 
breaks on that side. The second term is similar. In 



-m) + {x-x'){P-ja) ) „ 

-l)) + ^n'-N'){{c'-P)-(c-p)) }^, 
^'){(N-r')-in-r)) ) "^^^ 
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Hie third term one factor is the dif. of dists. of corres- 
ponding breaks from respective centres, and the other 
the dif., taken inversely, of the quantities, which are 
multiplied by those dists. to find areas of respective 
sections. In the formulae for the areas of first and 
second sections we find the terms, ^ m' (c—l), ^ M' (c' —V), 
which are used in the approx. calculation, m' and M' being 
placed in their proper col., and c—l, c' — V, in another ; 
so that to apply pris. cor. we have only to find a dif. 
by subtraction downwards in one col. and multiply it 
by a dif. found by subtraction upward in the other col., 
a method precisely similar to that employed for reg. 
sections. The third term is a type of aU that foUow. 
Therefore we may construct this 

EuLE OF PRIS. COR. for vols. bet. irreg sections. 

Multiply the dif. bet. each two corresponding side-toidtha 
by the dif., taken inversely, of the elevs. of last breaks on 
that side. To these prods, add the prod, of the dif. of dists. 
from respective centres of each two corresponding breaks 
by the dif., taken inversely, of tJie respective factors used 
toith tliese dists. to find the areas of respective sections. 
Multiply the sum by ^ dist. bet. sections and divide by 27. 

This rule requires that the same no. of breaks be pre- 
sent in each end section of a vol., and that the breaks of 
one end be connected with the corresponding breaks of 
the other by straight lines. This arrangement is true of 
every vol., although the breaks may not appear in one 
section. In the example just considered it is perfectly 
obvious, where the three breaks of one counect with the 
three of the other ; but sometimes one end section has 
more apparent breaks than the other. Thus, in pro- 
ceeding from reg. to irreg. ground the last reg. section 
is succeeded by an irreg. section of one or more breaks, 
which do not, however, originate in that section itself, 
but gradually develop themselves from certain points on 
the profile of reg. section. These points must be ascer- 
tained in order to make a correct computation, and they 
lepresent the breaks of the reg. section corresponding to 
the actual breaks of the irreg. That these ridges and 
dollows do extend from one section to the other is self- 



41 

evident. The irreg. section should not represent mere 
local features, since ltd area aud shape affect the vol. all 
the way to next section on each side. The ridges and 
hollows may be faint, but, if visible at all ill one cioss- 
section, their general course may be traced, and the pt. 
of intersection with reg. section nearly determined. 

The neglect of these fading ends is the source of 
great error, although at first thought it would be consid- 
ered perfectly immaterial to the result where the ridges 
nnd hollows might happen to fade on the surface line of 
reg. section. We shall give space to one illustration. 




The vol. is bounded by a reg. and an irreg. section, 
whose measurements are marked in the diagram. 71/, 
N, P, are the pts. on reg. section, to which the breaks 
of irreg. section are supposed to extend in one instance ; 
m, n, p, the pts., to which the breaks are suppos. d in 
another instance to extend. Tlie approx. formula for 
content is 

Approx. vol. — {proth. + Sb x ioidths—4:8b^)^g ; 
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applying which to the example we have 
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Prods. 
260 
139.5 
175. 

-15. 

-36. 

-66. 



457.5 
1572. 
-1152. 



9) 877.5 
12)9750. 
Approx. vol. in cu. yds. =812.5 

Now if the ridges aud hollows repiesented in iri-eg. 
section vanish ati the pts. M, N, P, of the reg., these 
pts. may be considered corresponding breaks, and all 
the conditions for the application of pris. cor. are pre- 
sent. The distances of these pts. are noted in field, the 
heights being reiidily deduced, as by the formula h=^a 
-|-?(^, where h is the height of intermediate pt., a the 
elev. of first end of line, b the elev. of second end, d the 
dist of pt. from first end, and I the horizontal length of 
line. Thus, if M'. N', P', are 3, 2, 4, respectively, 

iif=.8+^^':^6 89, iV=8 + aiff:^=8.63, 

P=8+44f^'=9.26. 

Applying the pris. cor., 

(15^-13^)(6.89-9)= - 4.22 

(19-17^)(10-9.26)= + 1.11 

(5-3)((8-3J-(4-7))= +16.00 

(6-2)((8-9.26)-(4-10))= +18.96 

(ll-4)((8.63-14)-(5-ll))= + 4.41 

324) 3626. 
pris. cor.= +11.2 ni. yds. 

When the breaks represented in irreg. section extend 
to the pts. M, N, P, of the reg., the true content bet. is 

812.5 + 11 2=823.7 CM. ycZs. 
Let it now be supposed that these breaks extend to 
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tlie pts. m, n, p, distant 11, 13 and 15, and of elev. 3.9, 
12.1, 13.4. Apply cor. 

(15^-13^)(3.93-9)= -10.14 

(]9-17^)(10-13.36)= -15.04 

(ll-5)((4-7)-(8-3j)= -48.00 

(13-6)((4-10)- (8-13.36))= - 4.48 

(17-11)((5-11)-{12.1-14))= -24^ 

324) -10226. 
pris. cor. in cu.yds.= — 81.56 

When the breaks of the vol. extend to the pts. m, n, p, 
of the leg. section, the true content is 

812.5-31.56 = 780.94 cu. yds. 

Therefore, if M, N, P, be the vanishing extremities of 
these breaks and remain unnoted, the approx. result falls 
short of the true content by 11.2 cu. yds. If, otherwise, 
m, n,p, be the failing ends, the appiox. calculation is an 
over-estimate by 31.56 cu. yds. The total effect on the 
vol. occasioned by moving the extremities of breaks from 
the pts. M, N, P, to the pts. m, n, p, is a diminution of 
43 cu. yds. ; and by other arrangement of the pts. 
this may be made more than 50 cu. yds. 

It may be easily determined at a glance whether the 
effect of shifting the vanishing extremities be great or 
Httle upon the vol. In left irreg. section conceive a line 
to be drawn from top of slope to top of centre, and a 
warped surface to extend from this to the left surface 
line of reg. section. This divides the triangular warped- 
faced wedge ABODE from the main vol. ; and the latter 
is evidently not affected by the shifting of M along DE. 
But the triangular wedge is affected to the following 
extent. If B be moved along a line BF parallel to DE 
a certain dist., and the consequent increment or decre- 
ment to the wedge denoted by h, ilf remaining fixed, 
then the vanishing end M be moved along DE the same 
dist. in the same direction, B remaining fixed, the second 
consequent increment or decrement is equal exactly to 
yi. Therefore, to determine whether the neglect of 
noting the vanishing end, M, of a ridge or hollow 
be or be not serious, it is only necessary to notice 
the inclination of the lines AC, DE. If they are 
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parallel, cliange of positiou of ilf does not alter the con- 
tent of wedge ; but, if they are much inclined, the posi- 
tion of 31 is of great importauce as already sliown. 
Thus, to apply the principle, it is seen at once that the 
effect of shifting M in loft section is far greater than 
can be produced by altering the positions of N and F 
in the right. 

It is thus apparent that to obtain all the data for a 
correct computation of an irreg. vol., both ends of every 
ridge and hollow must be noted, whether it fade out or 
not ; that is, e;ich end-section must have the same no. 
of corresponding pts. connected by straight lines. To 
tiike these notes in the field is simple. If we find in 
taking cross-sections two adjacent sections have three 
breaks eiich, corresponding, no remarks may be made ; 
and in applying pris. cor. it \vill be taken for granted that 
these are respectively connected by straight lines, the 
nearest to the centre o ' one section with the nearest of the 
other, the farthest with the farthest, and middle with 
middle, since they do not intersect bet. cross-sections. 
If one have four while the other has three, we have only 
to find the position of fading end of vanishing break in 
section representing but three : its dist. from centre of 
this section is placed in col. of remarks opposite this 
section. When the pris. cor. is applied, the four breaks 
of one section are connected with the three real breaks 
and the fading pt. of the other, according to their dists. 
from respective centres, as before. In all cases, after 
noticing what breaks of one connect with what breaks 
of the next, only the vanishing extremities of the other 
breaks need be noted, obtaining thus always an equal no. 
of pts. in each, which to connect according to the dists. 
from their respective centres. This will be fully illus- 
trated in the following example. 

The first col. of this extract from field book contains 
the iios. of stas. and interms, the second the centre 
cutting or filling, preceded, if the latter, by minus sign. 
The third col. has the elevs. and dists. of left slopes, 
with the heights and dists. of interm. breaks, ranged in 
their natural order. The fourth contains the right dists, 
and elevs. similarly arranged. The elevs. in all are 
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marked above the dists. of same pts. The fnll stas. are 
100 ft. apart, the width of roadway 30 ft,, the rate of 
slope for the cutting is ^ hor to 1 vert., represented 
here by ^^=2=S. The slope of the filling is 1^ to 1 ; 
but we propose to calculate the excavation only, where- 
foi e the left- widths of such sections as dip below grade 
on that side are considered to be 15 ft. In the col 
headed Bemabes are placed the data concerning the 
ridges and hollows. For instance, sta. 1 being irreg. 
and sta. 1+50 reg., the fading extremities of the ridges 
and hollows profiled in the former must be determined 
in the latter. The left break is found to extend to 
centre of sta. 1 + 50, and it is so marked on a little line 
extending to the left from a vertical line representing 
centre line. The right break extends to the top of slope, 
and is therefore recorded as 16.2 on the right of vert. 
line these vert, lines appear rather contracted in the 
print.) Both these records are placed at the top of vert. 
line, leaving the lower end for possible notes connected 
with the next following secticyi. But here none is needed 
as the sections fully correspond as tliey are. Sta. 3 + 20 
is irreg., therefore the corresponding pts. of sta. 3 must 
be noted. The left break extends to left slope, being a 
grade-line bet. tlie sections ; the right break extends to 
centre, whose dist. is zero. Stas. 3+20 and 4 do not 
correspond. A pt. on sta. 4 corresponding with left 
break of sta. 3+20 must be found, and a pt. on right of 
sta. 3+20 corresponding with second break on right of 
sta. 4. The two right breaks of sta. 4 nxe found to 
merge into the one of sta. 3 + 20 ; the dist. 10 is there- 
fore noted in the remarks. . One of the two breaks of 
sta. 4 disappears at centre of sta. 5, and is so noted, 
the other runs through sta. 5 and disappears at sta. 6 
at a dist. of 9 ft. from centre. Bet. stas. 6 and 7 a grade 
line runs from left slope of former to centre of latter ; 
these pts. are noted. This grade line continues to stas. 
8 and 9, appearing in these as breaks ; it must be noted 
in sta. 7 as a break corresponding with that on right of 
sta. 8. No natural example would be likely to have so 
many breaks vanishing and originating in so small a 
dist. ; jt i^ only nju^© so here to include all the cases. 
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For the approx. calculation of tliis piece of excava- 
tion the notes in col. of remarks are of course not 
needed, since they do not affect the areas of the sec- 
tions. According to the approx. rule on page 13. con- 
struct a table of cols., the 1st for stas., the 2d and 3d 
for widths, the next for centres, two more for prods., 
and another for the cor. for interms. Finally add one 
col. for pris. cor. and one for extra notes. In 2d col. 
of widths set tlie full widths of reg. sections; and place 
the centres of these opposite in col. of centres. For 
irreg. sections place in col. of widths the side-widtlis 
separately, and in col. of centres the factors used with 
these side-widths to obtain prods., namely, the heights 
of last breaks ; also in 2d col. of widths place the dist. 
of each break, and in col. of centres the factor used with 
this, namely, the height of break next nearer centre 
minus the height of break next farther. Thus for first 
section we have directly from field-book, 16 X 1, 16.5 x 4, 
llx(2-2), 9x(2-3); for sta. 3-1-20, 15x0, 22x6, 
8x(5-0), 10 X (5 -14); for the next, 15x6, 23x9, 
11 X (6-9), 15 x (7 -16); for the last, 15x0, 25x0, 
11 X (0—20). These prods, form the 2d col. of prods. 
For the first cols, of widths and prods, merely transfer 
values in 'Ad cols, according to rule, that is, full widths 
and prods, for mitl-stas., half-widths and prods, for two 
end stas. of work, with this exceptiou, that half the 
widths and prods, of last in term, of a vol. must be used 
in place of half the widths and prods, of the full sta. 
next before. But this principle has been already dis- 
cussed. Since the first sta. is one of the two end stas. 
and, therefore, only half its value could be used, and 
since this half must be omitted in favor of the half prods, 
and widths of the interm. following, no transfer is made 
for sta. 1. For sta. I-I-50 transfer half the width and 
half the prod. For sta. 2 transfer entire values. Trans- 
fer the half values of sta. 3, since it is followed by an 
interm. For the interm. transfer half the width and 
half the prods. For all the rest except the last trans- 
fer entire values, for the last half values. In first col. 
of widths are placed the letters L and h opposite break 
dists. of sections. These letters serve two purposes. 
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First, tliey occupy all space of first col. except what 
should be filled with transferred quantities, thus pre- 
venting the possible mistake of transferring the break 
dists. also to first col. of widths. Their special use is 
to mark corresponding breaks while applyiug pris. cor. 
To apply cor. for interms. to first interm. we use the 
formula 

{Sb{w-w') + P-P')^, 

where w and P are the widlh and prods, of next section 
before, or sta. 1, w', P', the same of next section follow- 
ing, or sta. 2, 8b=2 x 15 = 30, D=50; the factor -^ will 
be used at foot of col. So we have 

0.1x30 + (-24.2) = -21.2; -21.2x50= -1060: 

fm- Sta. 3+20, -4x30+41 = -79; -79x20=-1580. 

To apply pris. cor. to vol. bet. stas. 2 and 3, which is 
reg., multiply dif. of widths of end-sections by in- 
verse dif. of centres, and multiply by length of vol. 
-1.6 X 2 x 100= - 320. The widths of vol. above differ 
by a few tenths only, wherefore its cor. may be safely 
neglected. For the cor. of irreg. vol. bet. stas. 8 and 9, 
we have arranged before us in perfect order the values 
considered in formula of pris. cor. The rule requires 
that the dif. of corresponding widths be multiplied by 
inverse dif. of last breaks, or of centres, if no break be 
on that side; also that the dif. of corresponding break 
dists. be multiplied by inverse dif. of respective factors, 
viz., those in col. headed oentbe, used with these dists. 
to find areas of respective sections. In applying this 
rule advantage may be taken of the fact, already men- 
tioned in connection with reg. vols., that, if correspond- 
ing values of two sections differ by a few tenths only, 
the cor. for the vol. bet., so far as affected by those 
values, is immaterial. Thus, in the last vol. the left 
side-widths are equal, whence their dif. is zero, and the 
cor., as affected by them, is zero. Again, although the 
right-widths differ, their respective factors are equal, 
and the cor., as affected by them, nothing. But for the 
third corresponding values the cor. is considerable, be- 
ing (ll-5)(-28-(-20)) = -48, giving for the voL 
4 
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-4800 to set in last col. Now, in a natural example of 
irreg. earthwork, the majority of vols, would have their 
corresponding values thus conveniently arranged in the 
table, making the cor. a simple matter. But here we 
have purposely considered numerous short breaks, mak- 
ing vanishing extremities at nearly every sta. ; so the 
last is the only irreg. vol., to which the cor. can be di- 
rectly applied. For the others the notes taken in col. 
of remarks must be consulted. For instance, the reg. 
sta. 1+50 must be treated as if irreg. to correspond with 
sta. 1, the dists. of its breaks being given and their 
heights found. So its factors would be, to correspond 
with those in cols, of widths and centres, belonging 
to sta. 1, the following; 15.8x2, 16.2x2.4, 0x0.4, 
16.2 X— 0.4; that is, the sectional notes must be con- 
sidered as, 

Left Centre Right 

But it is unnecessary to place the sectional notes in this 
form, as the proper corresponding factors may be taken 
directly from field-book. These factors being obtained, 
we proceed as before, using them in connection with 
those belonging to sta. 1 and presented in the table. 
Thus, since 16 and 15.8 vary by so little, zero may be 
accepted as the cor., so far as these values affect 
it. The cor. for next values is also zero. Then 
we have (ll-0)(0.4-0) = -1-4.4, (16.2-9)(-l- (-0.4)) 
= —4.32. Sta. 3 must be arranged for sta. 3-1-20, as 
shown in supplementary col. headed Breaks. Al- 
though stas. 3-1-20 and 4 are both irreg., their breaks 
do not correspond, wherefore the left of sta. 4 must 
be arranged as if containing a break, and right of 
sta. 3+20 as if containing two. The left of sta. 4 
then becomes as shown in col. of breaks, where the 
right of sta. 3 +20 is Jilso seen. For the differences, 
from the left- width of sta. 3+20 as in table subtract 
the left width of sta. 4 as in col. of breaks ; the dif., and 
consequently the cor., is zero ; then from left break 
dist., 8, of sta. 3+20 subtract left break dist., 15, of sta. 
4, and multiply dif. by inverse dif. of their factors. For 
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the right-side measurements, use those in the table for 
sta. 4, and those in col. of breaks for sta. 3 + 20. The 
right of sta. 5 must be re-arranged for sta. 4, and 
the right of sta. 6 for sta. 5. The fading end at 
sta. 6 is 9 ft. from centre; therefore h=6+«i^^^ 
=12, and the notes of the right section are, 6, J^, 
%^- The sections at stas. 6 and 7, although reg., include 
an irreg. vol., containing a hollow bet. its centre 
and left slope lines. Both sections must be arranged as 
if irreg. that this hollow may not be neglected. These 
arrangements are both shown in col. of breaks, and must 
be considered together while applying the cor. Sta. 7 
must also be arranged to correspond with sta. 8. Stas. 
8 and 9 correspond. 

By the appiox. rule [see pages 32 and 13] multiply 
sum of widths by ;S^6[=30], add prod, to sum of prods., 
and subtract ISl^n, n being no. of full vols., found always 
by subtracting the no. of first full sta. from the no. of 
last full sta. Next the rule directs to multiply by 100 
and divide by 54 ; but, since the cor. for interms. and 
the pris. cor. must be respectively divided by 2 x 54 and 
6 X 54, place ^ the first and ^ the second under col. of 
prods., moving the decimal pt. of each two places to the 
left, because the quantities with which they .combine 
will be multiplied by 100 and thus carry tlie decimal pt. 
of these corrections back to the proper place. 

It has been stated that a natural example would not 
be likely to have so many vanishing ends of breaks, and 
would, therefore, have its values arranged at once in 
convenient form for the application of pris. cor. When 
these vanishing ends do occur, the work of rearranging 
the sections containing fading euds is necessary to the 
true calculation by any method, as the demonstrations 
on this point were independent of method. But, having 
found them, there can be no more convenient plan of 
applying the pris. formula than this method of cor. by 
using differences of corresponding measurements, these 
being ranged before us in proper order. By this general 
method of calculating irreg. sections and including 
irreg. vols, in the series we have succeeded in calculat- 
ing in one operation ten consecutive vols., of which four 
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are of minor length and eight are irieg. Without the 
method of including irreg. vols , every vol. of the exam- 
ple above must be calculated singly, every cross-section 
but first and last be used twice, and the mid-section of 
every irreg. vol. measured and calculated. In fact, the 
inclusion of irreg. vols, in series serves, in the same 
manner as the inclusion of minor toIs., to abbreviate the 
computation of earthwork, and chiefly to remove inter- 
ruption to the continuous calculation of a long series of 
vols in one operation. By including both minor and 
irreg. vols, all interruption is removed from the thorough 
and exact calculation in one operation of any possible 
cut or fill ; and the entire process is governed by but 
four rules. These are, the rule for the approx. amount 
with its auxiliary rule for intermediates, here remem- 
bering the distinction between Frod. as leferred to 
reg. and to irreg. sections, the foimula of pris. cor. for 
teg. vols., and the rule of pris. cor, for irreg. vols. 
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END VOLUMES. 



The method preceding embraces all of a cutting or 
bank bet. end full stas., leaving to be calculated the 
vols, tapering from last full stas. to grade lines. 

If there be a cross-section bet. last fuU sta. and grade 
line, the approx. confent bet. this section and last full 
sta. may be found by the formula 

{wc+ w'c' + Sb{w+w') -48b^)^, 
d reg., or in' any case by the general t'oi mula 
(prods. + Sbx widths— iSb^)-^, 

and the pris. cor, by the rule. 

If the grade line happen to be unbroken and perpen- 
dicular to centre line, it may be regarded as a reg. 
section, whose centre and slope elevs. are all zero, and 
width the width of road-way, and the rules of approxi- 
mation and correction accordingly applied. 

But, if the grade line, represented in the diagram bet. 
pts. JE, F, G, be broken or be not perpendicular to cen- 

V" 

-U2. 




tre line, for an approx. method suppose a plane passed 
tlirougli each side slope line of last section and centre 
grade pt., as rF, IF in diagram. These divide end vol. 
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into three ..pprox. pyramids, from which is obtained 
this 

EuLE for approx. calculation of vol. bet. end-section, 
this being reg., and grade line. 
Multiply area last section by dist. to centre grade pt : add 
the prod, of \ h by sum of prods, of each slope heigU by dist. 
on that side to grade. Divide by 81. 

Applying this rule to the example, we gain as a result 
62.59 cu. yds. This is probably the simplest possible 
rule. 

Otherwise, by passing a vertical plane through each 
side grade pt. and centre of last section, the end vol. is 
again divided into tliree approx. pyramids, the side 
sections being bases of outer ones and side dists. to 
grade their heights, and of middle pyramid the centre 
elev. of last , section being alt. and all portion of road- 
bed, unoccupied by side vols., the base. Then 

Content left pyramid=\Ev{c + Sb) -\8b^E. 
Content right pyram,id=\Gx(c-\-8b)—\Sb^ O. 
Content middle pyramid=\Fbc. 

.: End vol={{c + 8b){Ev+ Ox)-Sb^{E+ G)+FBc)^[^, 

B representing full width of roadway. By this formula 
we obtain for content of example 



j (22 X 18 + 17 xl0)(8 + 12) ) . 
I -144(18 + 10)+8xl5x24px*x 



r = 62.81. 



The average of results of these two methods, 62.7, is 
. always the exact content ; but, as in this case, where the 
surface is not much warped, either result is sufficiently 
near the truth. • 

Another method in use is to divide end vol. into four 
parts by three vertical planes, one through centre line 
and one through each edge of base, making two outside 
pyramidal vols., and two inner vols, having quadilateral 
bases and grade lines for edges. This requires much 
more work than either above approx. method. The re- 
sult of this method for the present example is 62.53 
cu. yds. 

If the surface line of last section be slightly irreg., 
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any of the foregoing rules of approximation may be ap- 
plied, the latter preferred since longitudinal planes are 
apt to cross fewer breaks than the diagonals. But, if 
the breaks be important, making the grade line irreg. 
as well as the surface line of section, the vol. should be 
divided by a diagonal plane through each warped sur- 
face. 
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ESTIMATION OF FINISHED WORK. 



The completed work seldom coincides with the pre- 
scribed lines, except in ordinary homogeneous earth- 
cuts, and in embankments generally. When this is so, 
of course, the new cross-sections of actual excavation 
must be calculated ; and, since these have no measure- 
ments in common but are irregalnr all around their per- 
imeters, they cannot advantageously be computed in 
series, so that not only all the methods of brevity of the 
preliminary calculation are lost to the more important 
estimation of the final quantities but also the prismoidal 
correction. For instance, in the accompanying diagram 



^J/t 




f £ Ht- 



the section of excavation, limited by the full lines, must 
be estimated in the ordinary rude way by computing 
the trapezoids n I', n ml, c m', c p', t p', t z', r z', and sub- 
tracting from their sum the trapezoids k r', h h", g I', and 
the triangles g g" e, h h" e'. 

We propose to avoid this labor and inaccuracy by 
considering the lower outline, I g e e' h k r, of the sec- 
tion of excavation as the surface line of a section 
having a regular base, e e', and slopes, e I, e' r; then 
calculating- in one series by the method already ex- 
plained, using the cor. for interms. and the pris. cor., 
the amount of material through the whole cut remain- 
ing to be removed in order to expose the true slope 
and base lines; and finally subtracting this from the 
preliminary result to find the true content of the mass 
removed. The advantages of this plan are, briefly, that 
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the necessity of noticing the measurements of the upper 
part of perimeter is escaped, these being considered in 
the preUminary calculation, and also that the remaining 
measurements may be arranged in a series similar to the 
original, yielding a result with all the correctness of the 
prismoidal formula. 

The surface line of the section of remaining excava- 
tiou, represented in diagram, i&l g e c' e hh r, of which 
the breaks on left are in order e and g, on right e', h and 
k. By the rule its area is 

^v{g + 8h)~^lx{k+Sb)+lh(c'-g) + ^g'{e-l) 
+ ^6(c' - h) + \h'{e' - k) + lk'{li-r) .—Sh2 

This formula is very simple, especially in combination, 
e, d and e' being each zero. 

Sometimes the lower part of perimeter transgresses 
the proposed lines of slope, as in the diagram. The 

—- " — --ij^ 





rule still applies to finding the area of such a section, 
its VJilue being minus in this instance, as it should be, 
because a minus amt. of material must be removed to 
bring the work to the proper slope lines ; and this 
minus amt., representing the work remaining to be 
done, when subtracted from the original amt. prescrib- 
ed, leaves an amt. greater tlian that originally proposed, 
as the case requires. Occasionally the road-bed is 
excavated deeper than it should be ; then c, m and g 
become minus (in case it be determined to consider the 
unnecessary work.) But to every possible shape the 
same rule applies, yielding positive or negative quanti- 
ties as it should be : so no allowance need be made for 
certain positions of perimeter, since the rule takes care 
of itself entirely, without other superintendence than to 
follow it exactly, as may be verified by other metliods 
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of calculatiug the area. Of the section last sketched, 
the first break on right is at g, the second at h, the third 
at Ic, where the perimeter reaches the original surface 
nearer centre than is the top of prescribed slope. On 
the left the first break is at m, where the road-bed has 
been cut too wide, the second at n, the third at p, where 
the perimeter reaches the surface beyond the slope 
stake at I. Accordingly, the surface line of section to 
be calculated is I p n m c g h k 7; the side-widths of new 
sections being always the same as those of the old, and 
its area is 

hv(p+8b) + ^x(k + 8h)+^m'{c-n) + ^n'{m-p) 
+ ip'(^n-r} + k9'{c-h) + yi'ig-k) + hk'{h-f)-Sb. 

Of course, these sections can be arranged in a series 
like the original. The notes for the pris. cor. are more 
easily taken on the finished work than on the original 
surface, because tl)e outlines are sharper, and the same 
features are likely to extend long distances, being oc- 
casioned by the dividing lines between strata of various 
hardness. 

The finished work may be divided into three general 
cases : 

1°. When the work after completion coincides with 
the prescribed lines, the material remaining to be re- 
moved is nothing, and the preliminary calculation serves 
for the final. 

2°. When the greater portion of the work coincides 
with the proper slope and base, but a few sections are 
found to be defective or redundant, the vols., represent- 
ing the work remaining to be done, bet. the latter or 
affected by them should be calculated, and the result 
subtracted from the result of the whole original calcula- 
tion. To illustrate this, suppose the finished work of 
the example of excavation, last given in connection with 
preliminary estimates, to coincide with the prescribed 
lines at every cross-section except the first two. Let 
the final notes of these, together with those of the third 
cross-section, used to calculate second vol., be the fol- 
lowing: 
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Sta. 


Centbe 


Left 


Eight ^ Remabkb 


1 

+ 50 

2 




-1 




I -1 

16-S<1S 


1 



At sta. 1, as shown in diagram, the base has been cnt 
too wide on the light, and tlie left slope flattened too 



\. 



S^c 



i 



Si' a /-t-S^o 



V 



J 



s^< 



J 



much. At sta. 1+50 the work has been cat too deep. 
The 2d break on left of sta. 1 runs to left slope stake of 
sta. 1+50 »nd is so recorded in Behases. 

The sections being eqni-distant, both vols, may be 
calcniated together. Half the widths and prods, of 
Erst and last sections are ased, according to rule. 
There being no interms., the 2d col. of prods, need 
not be constmcted. The pris. cor. is inconsiderable. 
The result is —59.7. Subtracting this fioro the rasnlt 
of origiual calculation, the tme content excavated is 
left. 
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Table of Operations. 



Sta. 


Widths. 


1 


8. 16. 


(C 


8.25 


16.5 


%t 


L 


15. 


(( 


L 


17. 


" 


i? 


16. 


+ 50 


15.5 


15.5 


(( 


16.5 


16.5 


it 


L 


15. 


(( 


R 


15. 


'2 


1.1 


16.4 


f( 


8.5 


17. 


t( 


L 


15. 


u 


R 


15. 



Cen Pkods. 



2 


-2 

2 
-3 
-1 
-1 

-4 



-U.8 
-4. 



16. 

-15. 
-17. 
-24. 
-15.5 
-16.5 

-;-)0. 

-60. 



u 
- 6. 
-30. 



tJORUKCTIONS. 
IKTBKMS tPllIS. 



Bkeaes. 



15.5 X 1 

15.0 \ -2 
15.5 X -2 



64.45 

SInu = 



-198. 
+ 1933.5 
-1800. 

2) -64.5 

9) - 3225. 

6) -358.3 







-(-59.7) 
5083.27 



5143. —no. of cu. yds excavated. 

S". When a large number of the sections do not coin- 
cide with base and slope lines, or when such irreg. sec- 
tions are scattered and isolated, making many separate 
calculations necessary, it is better to make one operation 
of the final estiiuate, considering every section in the 
work, whether its area be zero or not. There is one im- 
portant advantage available in this case. Thus, the 
formula for original approx. content is 

( mid prods. + ^ end prods ) D 

\ + Sbfmid-vndths + ^ end-widths J —2Slfn ) J^' 

and the formula for approx. final content is the same ; 
wherefore, since the widths are identical in both, the 
terms 

Sbfmid-widtlis 4- ^ end-widths J — 2Sh'n 

vanish by subtraction. Hence, in the final calculation, 
the 1st col. of widths need not be constructed, summed 
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and multipleil by Sb, and the quantity — 28^11 need not 
be added, but the col. of prods, only considered, to this 
added the cor. for interms. and the pris. cor., and the 
sum subtracted from the sum of prods., the cor. for in- 
terms. and the pris. cor. of the original calculation. 

Between the cross-sections, which do not coincide 
with slope, there are in this case to be considered 
sections which do coincide, and whose areas are there- 




'I'VW 



fore zero. These are easily disposed of. In common 
with the other sections their widths xSl> need not be 
considered. Their prods, are for en oh 

^vm + ^X7i + ^h{c—l) + ^b{c—r). 

The first two terms are always zero, and the last two 
are always —^b{r + l). Since the factor /; is common to 
all these sections, the prods of all are found at once by 
adding all the side-heights, prefixing the minus sign, 
and multiplying by b, following the rule, however, of 
using the half-prods, of sections at full stations preced- 
ing interms., and the half prods, of last interms. So, add 
to the side-heights of all not followed by interms. the 
half-heights of tbose followed by interms. and the half- 
heights of last interms., before multiplying by b. Tliis 
is all the work rt quired for these sections, since the cor. 
for interms. and the pris. cor. always reduce to zero. 
The former cor., 

{P-P' + Shiw-W'))T^, 

where P, P', are the respective prods , reduces to 
But w=-+-+2b, w'=-+-+2b. 

s N an 

Sb{w-w')=b{r+l-r'-l'), 
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and the whole cor. reduces to zero. The pris. cor. is 

( {v-v'){m'-m) + {x-x'){n'-n) j -P 

j +(p^b){(&^l>)-(c~l)) + {b~b){{c'-r')-{c-r})\S24:' 

and each term reduces to zero under the conditions. 

Let us suppose that the first two sections of finished 
work of the excavation, last treated as an example of 
preliminary calculation, are as noted in second case, 
and that the last four sections also of the same excava- 
tion do not coincide with the true slope. It now be- 
comes more profitable to estimate the material, remain- 
ing to be excavated, in one operation. The final notes 
of the cut are the following. 

Field Notes. 
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Table op Opekations. 



ST A. 


WIDTHS. 


CEN. 


PEODUCTS. 


CORRECTIONS. 


BREAKS. 
















IHTKIIMS. FRISMOIDAL. 






1 




16. 
16.5 


2 





32. 









15.5 X 1 
15 X- 2 






L 


15. 


- 2 




-30. 








15.5 X- 2 


"•t 




L 


17. 


- 2 




-34. 














R 


16. 


- 3 




-48. 












+ 50 




15.5 
16.5 


- 1 

- 1 


- 7.75 

- 8.25 




-250 







15.4 X 1 
17 X 






L 


15. 


- 2 


- 15. 










15 X- 0.8 






R 


15. 


- 4 


- 30. 










15 X- 4. 


•2....5 




15. 


-53.8 


-807. 
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15. 
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17 X 1 








27. 


23 


+ 621. 






-16 




24 X 18 


09 03 
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15. 


-23 


-345. 











15 X- 4 


-F?F 
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25.5 


-24 


-612. 






+9 . 


-600 


15 x-18 


« ei. 
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15. 
30. 




22 



+ 660. 






ll • 
+3 




24 x-18 J 






R 


15. 


-22 


-330. 

















R 


25. 


-30 


-750. 






-3 , 









8 




15. 

























29. 


20 


+ 580. 






-2 




25 X 20 


jO DO 




R 


15. 


-20 


-300. 











16 x-20 


> ??? 




R 


24. 


-28 


-672. 






+2 . 





25 x-20 


oe (0 


9 




15. 
25. 














U 




y 








B 


16. 


-20 


-160. 






-8> 


-800 







-(-2176.) 
565.2 



2741.2 
Cor. for Ma -f- 200 = - 1 1 .95 
Fris. Cor. -f- 600 =-__2L7_ 
9)270755. 



-(-250) -(-1400) 
-2640 -14420 
-2390 -13020 



6)30083.9 

5014. cu. yds. 
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The calculation of this remaining work is precisely 
similar to the original calculation, except the omission 
of the 1st col. of widths. The sections of stas. 2, 3, 
3-1-20, 4, 5, coinciding with slope lines and lying adja- 
cent, are noted together, and their prods, joined in one. 
At sta. 2 the sum of side-heights is 4. 8. The sum of 
side-heights at sta. 3 is 8 : half should be taken since it 
precedes an interm. Half of 14 should be taken, be- 
cause it is the sum of heights of last interm. The 
whole heights at stas. 4 and 5 should be taken. The 
sum is 53.8, to which prefix minus sign. The common 
multiplier is 15. Since there is but one interm. to cause 
a cor., the 2d col. of prods, has not been constructed 
further than the first section. For this interm., sub- 
tract width of sta. 2 from that of sta. 1, and multiply dif. 
by 30 [=8b]. The result is 3. Subtract prods, of sta. 
2 from those of sta. 1. The dif is-8. (3-8)50= -250. 
The pris. cor. for the first two vols, is inconsiderable, as 
discovered in 2d case. The cor. bet. sta. 2 and sta. 5 is 
nothing, because the work bet. them everywhere coin- 
cides with the true slope and base. The right of sta. 5 
is arranged in col. of remarks to correspond with right 
of sta. 6. The right of sta.. 9 is arranged to correspond 
with that of sta. 8. Subtract the results of the three 
cols, from the results of the three corresponding cols, of 
the original calculation. TJse the same factors with the 
differences that were used with results of same columns 
in original calculations. The result is the exact amount 
of the mass of material removed. 

This can be conveniently divided into the classes of 
material, as rock, slate, common earth, etc., from^he 
monthly estimates or from the final notes, exactly as it 
is now done after obtaining the whole amt. by the ordi- 
nary method. A fair plan is to use the proportion : as 
the amt. of one class of work, as rook, in the sum of 
monthly estimates, is to the whole amt. of material in 
the same, so is the true amt. of rock to the true total 
amt. of material, as just found, unless extra trimming of 
earth or other material has been done between the two 
measurements. But these details are well understood, 
and form no part of the plan of this book. 
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CHANGE OF SLOPE. 



It is often found necessary after the preliminary cal- 
culation to make the slope flatter than at first intended, 
or advisable to make it steeper, according to the mate- 
rial struck. If the surface of ground be regular, as shown 
in the first diagram, it is better to calculate the whole 
work anew with the new ratio of slope and the 




new widths. But, if the surface of ground be very irreg., 
as shown in next diagram, it becomes preferable to avoid 
the recalculation of the irreg. part, by considering the 
new slopes as the under part of perimeter of section of 
excavation, and calculating the work remaining to be 
done, to reach the original slopes, as in the example last 
given of finished work, and finally subtracting the latter 
result from the result of original calculation. The 
formula for the cross-section of remaining work in last 
diagram is 

hv(p + Sb) + ^x(z + Sb) + h'>ic-n) + hn'im-p) 
+ ^p'(n-l.) + ^b{c-z) + hz'{t-r)Sb. 

In this instance it represents a positive quantity, because 
the new slopes are steeper than the old : if the new ones 
were flatter, the section remaining would be negative. 
5 



RUDE PRELIMINARY ESTIMATES. 



Fob a rough, early estimate, when the widths of the 
sections are known, the first rale for calculating a series 
of equi-lengthed vols, is recommended, disregarding 
interms., breaks and the pris. cor., and taking the cross- 
sections as far apart as possible. This computation can 
be made very rapidly. 

When the widths have not been calculated or staked 
out, and the preliminary notes only are available, these 
consisting of a record of centre elevation and the eleva- 
tion of a point on each side of centre 50 ft. distant, at 
each sta., a rough but hasty estimate can be made, by 
placing centre heights above grade in one column, and 
the squares of these in another, conveniently extracted 
from a table of squares such as Henck has furnished in 
his Field Book, and treating their sums as in the 
treatment of level sections, already discussed, disregard- 
ing ;iltogetber the third column, constructed for the pris. 
cor. 

When the surface line at right angles to centre line is 
unbroken, as sometimes occurs at a great many consecu- 
tive stas., the areas of the sections, under supposition 
that they are level and of the same height as centre, are 
always too small, as seen in the diagram, by the triangle 

10 
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TO r r'; and, consequently, the resulting mass of material 
between is also smaller than the true contents. This 
fact has often been pointed out, but we have seen no 
formula of cor. for the error. Such an one, that 
serves very well both for accuracy and brevity, can 
be obtaiaed in the following way. mr r' is similar to 
ler. eg-~b=S : .'. eg— 8b. Let A' represent area oiler, 
and let the abbreviated word G(yr. denote the area of 
m r r'. Then 

Car: A' : : z' : (c+8b)'. 

Let A denote the area of I' e r', equal to A'— Gor. Now 
by the principles of proportion 

Oor : A'- Gor : : z» : {c+Sby-i?, or Cor=j—^^^—jA. 

If h be the elevation at 50 ft. from centre on higher side, 
then 

z : h-c : : 6 + | :50, or z=-^(/t-c)(c+5fft)J. 

„ (^yih-cnc+sbfQ-r i^y 

^'>'--{c+8by-{-^y(h-cyic+Sby{i-y^ -8'-{^y'^- 

It is here seen that the ratio of the correcting area to 

A is as oz^ xirtz is to unity ; and, if these areas be 

moved through any dist. D, the vols, generated are in 
the same ratio. Therefore, if the average area of m r r' 
in all the sections through the work be ascertained and 
multiplied by D, just as the average of I' e r' is multi- 
plied by Z>, the resulting vols, are related by the ratio 

-QY ^/7,-<i\i '• ^> where h is the average higher side-height, 

and c the average centre-height. But, in calculating the 
vol. generated by moving the average sectional area 
I' p k r' through the dist. D, a column of centres has 
been constructed and summed. Let G be this sum. 
Then £, where n is the no. of vols., is the average centre- 
height. Similarly, if H be the sum of side-heights, the 
higher one only being taken at each sta., or either if the 
section be level, then f- is the average side-height. So 
the vols, hold the ratio 



\ Mn J . 1 KTU I 



68 

1. 



If, therefore, after fincling the volume generated by 
moving the average area I'plcr' through D, and adding 
thereto the volume beneath rond-bed, 8b^D, the sum 

IB-C\2 

be multiplied by 02 2 °" /»-7r;2» t''® prod, is the cor. to be 
added to the original volume. 

This sliall be illustrated from the following notes. S 
is considered \, b, 10 ft. 

Sta. Left. Centre. Eight. 



1 


1 


6 


11 


2 


2 


8 


14 


3 


-1 


9 


19 


4 


-5 


15 


35 


5 


15 


20 


25 


6 


18 


14 


10 


7 


12 


10 


8 


8 


11 


8 


5 


9 


12 


7 


2 


5ta. 


c 


c' 


/( 


1 


8 


18 


0.5 


2 


8 


64 


2. 


3 


9 


81 


-1. 


4 


15 


225 


-5. 


5 


20 


400 


15 


6 


14 


196 


10 


7 


10 


100 


8 


8 


8 


64 


5 


9 


3.5 


24.5 


1 




90.5 


1172.5 


35.5 






1810. 


50)55.0 






2982.5 


1.1 






800. 


62.79)1.21(.01£ 






3782.5 


6279 






.0193 


6821 






1.135 


56511 






34.042 


1699 






37.825 








9)305550.2 








3)33950.02 





11316.67 en. yds. 
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The cols, beaded c, <?, are constnicted as for level- 
sections, the sum of former mtiltiplied by 2 h, the sum 
of latter by ^, and the prods, added together. Next a 
col. of heights is made, using half the first and last as 
with centres. Instend of taking the higher side eleva- 
tions, the lower ones have here been used, and their 
sum subtracted from sum of centres : the dif. is the 
same aud fclie numbers to be dealt with smaller. This 
dif. divide by 50 : square the quotient for a dividend : 
for a divisor subtract dividend from ^rt^, 64 in this ex- 
ample. The qnotient multiphed by the whole volimie 
down to where the slopes meet, is the cor. to be added 
t> origiual volume. Therefore, to 2982.5 add St^ 
[=800], and multiply sum by .0193. The three pai-tial 
prods, form the cor., which, added to the 2982.5, yields 
a sum to be multiplied bj 100 and divided by 27 to 
produce a close ap[)roximation to the number of cu. yds. 
The peculiar merit of this plan, as appUed to prelim- 
inary estimates, is the facility with which changes in 
the result may be made to correspond with alteratiou in 
slope, width of base, altitude of grade, etc. For iu- 
staiice, to alter the result for a change ()f slope, the cols, 
need not be touched, but simply the values underneath 
modified by the new value of S instead of the old, where 
S enters the calculation. Similarly a change may be 
effected for a change of width in base. If it be desired 
to ascertain the effect of siuking the grade all the way 
through, say 10 ft., merely add to sum of centres 10 n 
[=80], to the sum of squares 10*n [=800] plus 2 x 10 x 
sum of centres [ = 1810]. The cor. ratio, .0193:1, need 
not be altered. Therefore, the increase of volume equals 

4210x1.0193x100-=- 27. 

The general formula for this example is, letting x re- 
present the proposed iucreased cutting and M the result- 
ing increase in the content to be excavated, 

[//x.2'> -I- (Tjai' -t-2a;C;^]A-Vr^ = ^. 
C being the sum of coL headed c. Solving with respect 
to X, we have 
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Suppose we want 1000 ou. yds. more ft-om the cutting. 
Let if =1000, when a;= +O.V-g- ft. To make the exca- 
vation 1000 cu. yds. less, let M= -1000, when x= -0.79 
ft. For any other example simply use instead of 101.93 
the proper factor, or, if the cor. is not used, take D 
alone, generally 100. If the centre line be moved to a 
position on the right or left, parallel to its present posi- 
tion, the new centres must be tabulated and squared, 
but the ratio, .0193 : 1, is still correct. 

It is seen that the cor. is not quite 3 per cent, of the 
true contents in this example. If such close work be 
not required, the cor. need not be noticed. But, if it be 
retained, the result is the exact approx. contents of the 
vols. bet. the actual cross-sections, afterward to be 
staked out, when the pris. cor. may be made and at- 
tached to the preserved result. 

For a hasty estimate, when the surface line is broken 
at centre, allowance must be made, in the centre height 
used, for the direction of the angle's concavity. If this 
be downward, the centre used for equal level-section 
must be diminished, and, if upward, increa sed. Bepeated 
trial, tested by computation of the true areas, gives skill 
in this. The allowance varies with the rate of slope, 
width of base, centre-height, and the size of the angle's 
concavity. But, since the base and slope remain con- 
stant through the work, the centre-height and concavity 
only exert influence in a regular cutting. The cor. need 
not be applied in this case. Without this latter rather 
rough method recourse must be had to much longer 
ruled. 
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CORRECTION FOE 
EXCAVATION ON CURVES. 



The error of calculating earthwork on a curve, disre- 
garding the curvature, is not great. The manner of cal- 
culating exactly the content of a vol. is the following. 
The diagram here accompanying represents a vol. on a 
curve of exaggerated degree of curvature, c ^ is the 
radius, = R, H the angle subtended by the distance, c c', 
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— D, between two stations, h is the augle of deflexion. 
ee', m m' are the edges of road-bed. Conceive a straight 
line joining c and r'. Estimate the vol. c c'r' by multi- 
plying the area of its base, ^cc' xgr',=^Dx'cosh, by 
the average height, ^(c + c'-j-r'). Add to this the vol. 
c r r', whose base is ^xxJer', — ^x{R—x')sinE, and 
average altitude ^{c + r + r'). If now the diagonal verti- 
cal plane r c' be considered, and the vols, c c' r, d r' r be 
similarly calculated, and their sum averaged with the 
sum of the two othei- vols., that average is the exact 
content bet. the warped surface err' d, the plane of 
grade and vertical planes through the perimeter of 
warped surface. This principle was also used on 
page 54, in connection with end-volumes. It is easy of 
demonstration. A proof of it is given on page 379 of Gil- 
lespie's Roads and Railboads. It is also found in Son- 
net's DicTiONNAiRE DES Mathbmatiques Appliqubes, and 
in many other works. Subtract from this vol. the triang- 
ular prism err' e", whose end-section r' e" is exactly equal 
and similar to r' d and whose altitude is k r'; also the pyra- 
mid e" r' d of altitude r' and basal area ^{x'—bysinH. 
In the same manner compute the vol. led I', bounded 
by vertical planes, subtract the prism I m m" I', and add 
the pyramid I' m! m". This process is entirely too labor- 
ious for any practical application except to test the 
accuracy of available methods. 

John B. Henck has instituted a formula of cor., which 
is very acceptable on account of its simplicity and the 
accuracy of its results in all ordinary cases. Expressed 
in his own symbols, d, d', being side-widths, h, h', side- 
heigths, this formula is 

[_lc{d-d') + \BiJi-h')Y-^- 
Instead of ^ may be used 2sinh. This, translated, be- 
comes in cu. yds., 



w{v—x){cA-8b)^. 
The dif., v—x, is found by subtracting the inner side- 
width at a sta. from the outer. The cor. is thus posi- 
tive when the outer side is greater, and negative when 
it is the lesser. The cor. is applied at each sta., half 
the result being accepted at the end sta. of a curve. 

The following table shows the amts., resulting from 
the use of Henck's formula, compared with the true 
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contents, ascertained by tlie lengtliy method explained 
at liead of this article, of four separate vols, on a 4° 
curve. The 1st col. contains the true amts., obtained by 
prismoidal formula, without regard to curvature. Half 
of Henck's cor. .is used at each stii., as this is supposed 
to be the eud of the curve. Piefixed to the table are the 
tield-notos of the cross-sections used. S—\, 6=10, 7? = 
100, 7^=1432.69, sin/i = .0349, cos/i = .99985, sinfl"=.06976. 



\st Vol. 



2nd Vol. 



3rd Vol. 



Uh Vol. 



Centre. 


Left 


10 
30 


U 

U 


10 
30 


M 
M 


10 
10 




10 
10 


^ 
i* 



Right. 



3.fL 

4 11 
±0. 



1 
"5""u 
1 





TRUE AMT 
WITHOUT 

curvatu'e 


henck's 

COlt. 


COBRECT D 
AMT. 


TRUE AMT. 


ERROR. 


1st Vol 


1-28333..S3 


+ 174.5 


128507.83 


128239 60 


+268.23 


2d Vol 


128333.33 


+ 337.36 


128670.69 


128623.27 


+47.42 


3d Vol 


35000. 


+ 157.75 


35157.75 


35151.9 


+ 5.85 


m Vol 


30000. 





30000. 


29995.5 


+4.5 



The surface of 1st vol. is very much warped, the out- 
side of one section being the lower, and the outer of the 
other the higher, side ; and it is seen that Henck's cor. is 
here much at fault, the result of the calculation without 
noticing the curvatm-e being much nearer the true -con- 
tent than is the corrected amount. The next vol. is the 
same as last, except that its first section is reversed so 
that the higher sides are both outer. The surface of 
ground is, therefore, very much less warped, and, as 
seen, the cor. of Henck is very much nearer the truth. 
The next vol. is bounded by cross-sections of same size 
and shape. The surface is, therefore, two plant s, and 
Henck's cor. errs but little. The 4th vol. is level. The 
inference is : Where the surface of ground is a plane or 
nearly so, Henck's formula is very correct. A much- 
warped surface is rare ; and, when it does occur, it is, 
perhaps, better not to attempt a correction. 
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BORROAV PITS. 



For the calculation of any class of cross-sectiona, 
wLether there be a regular slope and base or not, we 
recommend the method, employed here for intermediate 
sections and for breaks, of using the distance of each 
point from the base line as a factor with the dif. of ele- 
vation of the two adjacent points. The object is to se- 
cuie one col. of very small factors, the differences, al- 
though the other col. receives larger factors than by the 
ordinary method ; also to facilitate the applicatiou of 
the pris. cor. where required. Let the following be the 
field notes of a borrow-pit, whose datum plane is fixed 
at 20 ft. below the elevation of sta. on base-line. 



RTA 






~" 













!S 


- ^ 


H 


H- 


H 


n 


TTTO 


1 


S 


- V 


+* 


a 


X / 


t¥V 


2 


S 


- ^Tf 


H 


H 




n 


T^TT 


3 


f« 


- ^^ 


U 


n 




n 


T% 


4 




- V 


U 


u 




u 


tVtt 



To estimate the mass of earth bet. this surface and 
datum plane, arrange distances in one col., as shown, 
and the differences of adjacent elevations in the next, 
except for the last distance, 100, opposite which place 
tbe sum of last two elevations. From these calculate 
the col. of prods., using half the prods, of first and last 
stas. Multiply the sum by the distance bet. stas., 25 ft., 
and divide by 54. 

It is scarcely necessary to mention the points of brev- 
ity in favor of this plan, as against the ordinary method 
of calculating such work, since this topic has been fully 
discussed already; but we might recall the fact that 



75 
Table of Operations. 



Sta. 


DlST. 


h-h' 


Peods. 


CORRECTIONS. 

INTKRHS. PRiaUOIDAL. 





lb 

30 
50 

75 


10 



-15 

- 5 


50. 


- 375. 

- 187.5 










100 


45 


2250. 






25 


1 


15 


5 


'75. 











30 


- 5 


- 150. 






25 




45 


-10 


- 450; 











70 


- 5 


- 350. 











100 


40 


4000. 









2 


15 


- 2 


- 30. 






50 


-■ 


40 


-10 


- 400. 






- 30 


a )60X-8 
to f 60X-6 


i 60 


-13 


- 780. 









k 

e 


100 


45 


4500. 









3 


20 


- 5 


- 100. 






15 




35 


- 8 


- 280. 






10 




75 


- 5 


- 375, 






-120 




100 


51 


5100. 









4 


20 


- 7 


- 70. 











30 


- 8 


- 120. 











80 












- 25 




100 


57 


2850. 










15157.5 
Pris. Cor.-^& = -8.33 
4)15149.17 



-50 



9 )378729.25 
6 )42081.03 

7013.5 cu. vds. 



commonly the areas of the several parts of each cross- 
section are combined to find the area of that section, 
the latter value being used, while here all these partial 
areas are added at once. Also the factors used are more 
readily handled, since those of the col. of differences 
are nearly aU composed of a single digit only, making 
unnecessary the extra work of a separate multiplication, 
while the larger ones opposite the last distances need 
for the operation merely a shifting of decimal point. 
Besides this, the measurements are now arranged in 
perfect order for the easy application of the pris. cor. 
Simply multiply the dif. of corresponding distances by 
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the inverse dif. of coiresponding factors in col. of dif- 
ferences, and multiply by dist. bet. sections for a value 
to set in col. of cor. The last pair of factors at each sta. 
thus need no cor. in this example, but would require it, 
were the far side of the pit irregular. Sta. 2 has one 
poiut less recorded than sta. 1. The last break of latter 
is noticed to meige into last of former; therefore, in 
applying cor. the last break of sta. 2 is considered to be 
two breaks, and the new fuctors are recorded at the side 
of the old ones in the table, to be used only with the 
section before. Since the vols, are all of one length, 
divide cor. by 6 aud add to sum of prods. Multiply sum 
by 25, =J-P-, aud divide by 54. If there were interni. 
cross-sections, use the half prods, of stas. next before 
and of last interms., as in road-way calculation, and for 
the cor. multiply the dist. of each interm. from sta. next 
before by the dif. of prods, of sections adjacent. Divide 
sum of col. by 108. 

By this plan, as illustrated, it is seen that the pris. 
cor. is very easy of application, and that it is also read- 
ily discerned where the cor. is and where it is not re- 
quited. For instance, where a knoll or the spur of a hill 
has been removed, the approximation by end areas is 
extremely faulty, aud the cor. assumes great import- 
ance. 

In concluding, we must again say that the principles, 
upon which this plan of computing earthwork is founded, 
are few and simple, and the results, excepting the rough 
estimates, perfectly accurate; that the calculator soon 
becomes familiar with the processes, since the values 
naturally find their proper places in the tables of opera- 
tion ; and that these tables themselves are neat and 
regular, recording all the work as the ever-present au- 
thoiity for the results they produce, and always ready 
for a rapid review, while by ordinary methods the whole 
work is thrown away, and nothing preserved but the 
areas of the cross-sections or the contents of the vols, 
between. 
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GENERAL NOTE. 



VOLUMES BOUNDED BY WARPED SURFACES. 

In staking out earthwork, the sections may be taken 
as fiir apart as the ground continues to change its slope 
uniformly, no matter how much the surface may warp, 
nor how great the distance between cross sections ; that 




is, while the lines AA' and BB' remain straight, and 
the surface from AA' slopes to BB' in straight Hues. 
The most rational conception of the surface bet.' four 
straight bounding lines is that it is the hyperbolic-para- 
boloid or warped surface, which may be genei'ated by 
moving AB, parallel to the planes of end sections, 
along AA', BB', till it assumes the position A'B', or by 
moving AA' along AB, A'B' till it becomes BB', each 
end traveling with speed proportional to the length of 
its path. To the vol. beneath such a surface fhe pris- 
moidal formula applies exactly. The assumption by 
Henck of one straight diagonal from A' to B or A to B', 
has received severe criticism, and it, moreover, has not 
the advantage of making the formulae less intricate. 

Little fault, however, can be found with the field work 
of engineers, since the rule of placing cross-sections so 
tliat they shall be connected by straight lines is care- 
fully regarded in preparing notes for any mode of calcu- 
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lation, the lack of straigbtness in a longitudinal element 
showing the presence of an intermediate irreg. section. 

The principle that the prismoidal formula applies to 
vols, beneath warped surfaces was assumed on page 21, 
since it has been so often used and shown before. A gen- 
eral proof of this applination to vols. bet. three-level 
sections, whether covered by plane or warped surfaces, 
can be deduced by calculus, as Prof. Gillespie has done 
for a vol. bet. two trapezoids in his Manual of Eoad- 
Making. Let ^to{c+Sb)-Sh', lw'{c'+Sb)-Sb^ be the 
areas of end sections. At a distance x from the 
first the centre of a cross-section is c+{c' —o)%, width 
w+^vy—iv)^. Hence its area is 

^{w + {w'-iv)3){c+ic^-c)5+Sb)-8bK 

Multiplying this by dx, after performing the multiplica- 
tion indicated, we obtain the differential of the vol., 

{ x^dx ^ 

to{c+Sb)dx+(w'c'—io'c-wc'+ioc}-^ ( _igi,i^^^ 
-t- (wc^ — 2wc + lu'c + Sb{io'—iu))^ ) 

Integrating bet. the limits and D, we obtain 

Vol={w'c+wc' + 2{iu'c' + wc) + 3Sb{iu-r w')-USb^)r%, 

which is identical with the formula for the true vol. on 
page 21. Irreg. vols, may be divided by vertical planes 
through corresponding breaks into portions, which may 
be shown in a manner similar to the above to be sub- 
ject to the prismoidal formula : therefore the composite 
vols, aje subject to the prismoidal formula. 

On page 40 it is advised to note the vanishiug ex- 
tremities of breaks, and subsequently the importance of 
this is illustrated by examples. The geueral discussion 
of this topic can be readily effected by the aid of calcu- 
lus in the manner following. The diagram represents 
a triangular, warped-faced wedge. Its base is ABC, 
edge DJE: the back of the wedge is the face AD EC, 
warped or plane according to the relative positions of 
the lines AC and DE. The remaining faces, divided 
by the edge BR, warp from AB to DU and BG to 
HE. It will be noticed that this wedge is similar to 




the wedge ABODE shown in the diagram of vol. on 
page 41, and that all the irregularities of rail-road vols., 
which vanish at one end of the voL, can be decomposed 
into such wedges as the one here shown. In the dis- 
cussion it is convenient to make the edge DE horizontal. 
Using the sjmbols of the diagram for measurements, we 
have for a section distant from the base by x 



a 



/=-'^?5w_ 



^-E^,vy'=w+(w'-w)l d"=d+{d'-d)W=^ ; 



and for the area of this section 

A'B'G'=A'B'G'F'+B'G'G'-A'G'F'= 
hd''ia'+h')+^h\w''-d''}-^a'tEf'=^{a'd''+h'wf'-a'v3'') 



,',„it\^ 



ad{D-x) a(d'-d)(I)x-x») 



^ 1 Z> ^ D^ I 

Multiplying by dx we obtain the differential of the vol. 
The indefinite integral is 
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adjDx-^ x-') a{d'-d){lD jc'-\x^) 
D ^ D^ 

w{Dx-^x"-) {w'-w)aDx ^-^x ^) 



,, J w{Dx- 



+ 2)2 



Limiting this by and'X>, we liaye 
Vol. = ^ (^ruW + in{d/ ■~d)D + {h-a){lwD + ^{lo' —w)D)) = 

{u{M + d') + {h-a){'iw+w'))~^. 

By this formula it is instantly seen that to give d' any 
increment m increases the vol. by 

amD 

while to give d the same increment increases the vol. by 

2am Z) 
12 • 

Therefore, to move the vanishing end of a ridge or hoUow 
any distance alters the content of a vol. exactly half as mitch 
as to move the other end of the same ridge or hollow an 
equal distance in the same direction, as stated on page 43. 
It is also to be remarked that when a—Q, d and d,' van- 
iijh from the formula. Therefore, When DE is parallel 
to A 0, or lohen the back of tlie wedge is a plane surface, to 
move the vanishing end of a ridge or holloio any distance 
does not alter the content of the vol.: but tJie farther AG, 
D E are from being parallel, or the more warped is the bach 
of the tvedge, the greater is the effect, of moving the vanishing 
end of a ridge or hollow, upon the content of a vol., as staled 
on page 44. 

We consider this an important matter since we l^ave 
found no book which demonstrates the consequence of 
fixing these fading ends. That it has a consequence is 
shown by tbe exiimple on page 41. Tiie irregularity 
of one section in this example is made very marked in 
order to make visible, if possible, the increase of content 
occasioned by moving m, n, p to M, N, P. But, if the 
irregularity were scarcely perceptible, as in the most 
ordinary example, the incjemeut 2^ would be the same, 
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since it depends entirely and only upon the difference oi 
inclination of AC, DE, as represented in the formula 
by the symbol a. 

Prof. Gillespie proposes in an off-hand way [Eoads 
AND Kailboads, page 373], considering such a vol., to 
conceive vertical planes passed through the breaks of 
irreg. section and cutting the surface line of the other 
section proportionately, preparatory to the application 
of prismoidal formula. But this assumption that the 
ridges and hollows cut both sections proportionally has 
the same fault that Prof. Gillespie finds in Henck's 
diagonals, that they would not always happen so. For, 
supposing them to be so now, if hereafter, proceeding 
from one section, the direction of the centre line be 
changed, both the ridges of Henck and of Gillespie must 
change also or break the law. There is no more reason 
in assuming that the ridges vanish at these points than 
at points fixed by any other arbitrary rule. One thing 
is remarkable about Prof. Gillespie's method. If the 
approx. content 6f the wedge be subtracted from the 
true, the difference is 

{a{d'-d) + {h- a){w' -w))^. 

If w=w', the difference is a(d'~d)^. But on Prof. 
Gillespie's assumption d and d' are now equal also. 
Therefore, when the widths are equal. Prof. Gillespie's 
result, although obtained by much greater labor, is no 
better than the approx. result, while the content may 
still vary by -^ ou. ft. for every difference of m feet in 
the position of the fading end. Thus, the nearer the 
widths approach equality, the nearer is Prof. Gillespie's 
result to the mere approx. result, while the true content 
depends upon the place where the ridge or hollow termi- 
nates, not where it may be supposed to end. Taking 
the example of a right vol., mentioned in this connec- 
tion by Prof. GiUespie, which is drawn to scale in dia- 
gram, and disregarding for the present the lines BG, 
GC, GI, the value of a is easily found to be 5.1. Subr 
stituting this in the formula -^, and making m 1 ft., 
2? being 100, we find for the increment to the content 
A^=42.5 cu. ft., corresponding to an increment of 1 ft. 
6 




to d', measured along DE, or 43.4 cu ft. corresponcliiig 
to 1 ft. measured horizontally. Therefore, if BH happen 
to divide AO, DE proportionally, Prof. Gillespie's result 
is correct ; but, if not, he errs by 43.4 cu. ft. for every 
foot of distance from the true vanishing point to the as- 
sumed one. This is surely a difference worthy of being 
noted, especially since it must be as easy to note the 
true vanishing points in the field as to calculate the falde 
points by the rule of three. It was simply apparent to 
Prof. Gillespie that some point must be taken for the 
end H in order to obtain data for mid-section, necessary 
to the prismoidal formula ; but it seems that he was not 
aware of the importance of finding the true position of 
this end. This, however, might easily escape observa- 
tion since it is a peculiarity of vols, bounded by warped 
surfaces. 

Prof. Gillespie's theory of the surface of all irreg. vols., 
whether bet. two irreg. cross-sections or one irreg. and 
one reg., is summed up in the following sentence . " Con- 
ceive a series of vertical planes to pass through all the 
points on each cross-section, at which the transverse 
slope of the ground changes, and at which, therefore, 
levels have been taken, and to cut the other cross-section 
so as to divide the widths of the two proportioncdly" 
By this treatment the surface of Prof. Gillespie's vol. 
is scored by a number of ridges and hollows equal to the 
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whole number of breaks in both end sections, against the 
great probability that the breaks at one end belong to 
the same ridges and hollows shown at the other : 
all the ridges and hollows of each cross-section yanish 
at the other, contrary in the highest degree to the natu- 
ral disposition of the gronnd surface : a break represent- 
ing a ridge at one end may be joined by proportional 
measurement with a break representing a hollow at the 
other, a perfect absurdity. His lines, fixed by an utterly 
unfounded assumption, are imaginary, as he calls 
Henck's diagonals, and lead to error nearly as gross. 
Since he assumes that each ridge or hollow vanishes in 
the same vol., he must calculate for each vol. the heights 
of as many vanishing ends as there are breaks in both 
end-sections, instead of calculating the heights of such 
only as do really vanish. After his laborious computa- 
tions, first, to find the proportional distances, second, to 
find the height of one end of each ridge or hollow, third, 
from these to calculate the measurements of mid-section, 
the number of whose breaks is the number of breaks in 
both end-sections, generally double the number in the 
true mid-section, fourth, to obtain the areas of end and 
mid-sections, and, fifth, to apply the prismoidal formula, 
the result is identical with that obtained by approxima- 
ting end areas, when the widths are equal, while the 
true vol. may vary far from this ; and the nearer the 
widths are to equality the nearer is Prof. Gillespie's re- 
sult to the result of mere approximation. The ordinary 
methods of calculating irreg. vols., by approximating 
with end areas, and by finding heights of level cross- 
sections of equal areas and using tables, are both erro- 
neous ; and assumption of any kind is entirely out of 
place for measurements which bear so important a rela- 
tion to the content. 

The formula ^ may be conveniently used as a cor- 
recting formula in the following case. Suppose a 
vanishing end has been neglected in the field, and it is 
afterward discovered by the relative dip of the lines AC, 
BE that this is an important point. Any point may now 
be assumed to satisfy t£e formula, for instance, the 
point D, already known, whose height need not be cal- 
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culatod, and afterward at a couvenieut time. the distance 
m may be measured and the quantity f^ cu. ft. or ^Jj 
eu. yds. added to the former content, a is easily calcu- 
lated, or can be found graphically and measured with 
sufficient accuracy. To determine whether ^ is posi- 
tive or negative, conceive a line BF through B parallel 
to DE; then, if moving B to the right on this line in- 
crease the area of ABG, by lengthening the perpendi- 
cular, motion of R to the right also increases the con- 
tent of the wedge. So, if Z> were assumed in order to 
avoid delaying calculation, and H were found to be the 
true point, ^^ is positive. For a second break 0, foi'm- 
ing the second wedge BGOEIH, the formula of correc- 
tion is ^^, a' being FG or the distance of B from CK. 
If I were not known, it might be assumed at any point 
on DE, as E, H, or even D beyond H, and the correction 
made by measuring the distance m from the assumed to 
the true point. Since motion of G to the right on a 
line parallel to DE increases the end area and conse- 
quently the content of the railroad vol., so motion of I 
to the right increases the content. Whatever the posi- 
tion of breaks, motion of any in the same direction af- 
fects the content in the same way. If both H and / 
were for the present unknown, D might be assumed for 
both: then the cor. would be ^xDH+'i^xDI, DH 
being the increment m for the first and DI for the se- 
cond. If D and E were assumed, the cor. would be 
^•xDH+^-x.—iE. To make these corrections m 
should properly be measured along the edge DE ; but 
in the regular staking out of work the vanishing ends 
must, like real breaks, be fixed by horizontal measure- 
ment. 

TABLES OF QUANTITIES. 

As for Tahhs of Quantities, it is just to say that they 
are little used on many accounts. The common ones, 
for vols. bet. level sections, are reliable and expeditious ; 
but these are the very vols, most easily calculated in 
series. For other sections, the areas of these must be 
independently calculated, and the centre-heights of 
equal level-sections computed or approximately taken 
from diagrams, as Trautwine's, before the tables can be 
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used. This preparatory work is much greater than the 
labor of finding the whole content exactly by the method 
of this paper ; and the level-section tables for all such 
cases are inaccurate, as illustrated by many authors and 
systematically discussed by Prof. Gillespie, the errors 
being almost constantly in defect and, therefore, seldom 
balancing. This error exists in all the tables constructed 
by followers of the methods of Telford and Sir John 
MacneUl. 

The bulk of a complete set of tables for all slopes and 
bases would be enormous, the number of such tables 
being equal to the product of the number of different 
bases by the number of different slopes in use. This 
bulk is sometimes reduced one-hundred fold by omitting 
the tenths, these to be interpolated by proportion, or by 
diagrams wherein the tenths are estimated by the eye. 
Such interpolation is not accurate. The diagrams are 
tiresome to the eye, and without the nicest care the 
producing values can not be laid off in the diagrams to 
the tenth part of a foot. An error of 0.1 in c, when A = 
10, 8=1, c=5, and D=100, produces an error in the 
content of vol.=0.1x 30x100=300 cu. ft., in case an 
equal error were made in the other end section. If no 
error were made at the other end, the error in content 
would be 150 cu. ft. If the error at the other end were 
equally far in the opposite direction, no error would 
exist in the result for the content. So, although there 
is a great chance that the errors may balance, it is not 
safe to use a method whose errors are so large. The 
same reasoning may be applied to the method of find- 
ing height of equivalent level-section. The measure- 
ments of irreg. section are in feet and tenths : it would 
rarely happen that the height of equivalent level-sec- 
tion would be exactly in feet and tenths. The neglect 
of the extra fraction, if only a fourth of a tenth, would 
make a difference in above example of 75 cu. ft., 37.5 
cu. ft. or nothing in its several cases. 

Some calculators have constructed auxiliary formulae, 
by use of which vols, of certain base and slope can be 
treated by tables for other slopes and bases. These 
formulae represent extra work. Thfey may increase or 
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diminish the error of the table, according to the respeo- 
tive slopes and bases. 

The advantage of using tables of quantities is very 
much lessened by combining vols, in series, because 
thus all the constant factors are removed from the cal- 
culation of each. Suppose, for the sake of argument, 
we could have a table by which the approx content, 

of a vol., for certain values of S and of b, could be ob- 
tained by mere reference, using some two measurements, 
as in the tables for level-sections. To find the contents 
of 20 such vols, consecutive, the table must be consulted 
20 times and the results added. But, since the factor 
■i4ff need be used once only for the 20 vols., the advan- 
tage of including it in the table is very slight. There- 
fore, if the table were constructed on the value within 
the parenthesis, the extra labor would be simply one 
little division. But the term — Si' need be but once 
used. Therefore, if the table were constructed on the 
value wc+ityc' + 8b(w+to'), the extra labor would be 
only one subtraction and one division. Since the prod. 
u/^ enters the formula for second vol., and every other 
mid-piod. is likewise common to two vols., and since 
the prod. Sb{w+io') becomes for the series a single prod, 
of 8b by sum oivfidihB, the ioiinvlawc+w'c!+8b{w+w') 
represents for the series 22 multiplications and the sum- 
ming of 2 columns, the prods, and vndths. Therefore, 
if we had a Multiplioation Table extended enough for 
the prods, wc etc., to solve the above example we must 
consult the multiplication table 22 times, sum 2 columns, 
make one subtraction and one division. To accomplish 
the same by a table for the whole amount of each vol., 
we must consult the table 20 times and sum one column. 
The disadvantage, then, of using a table of prods, instead 
of using a table of contents for n vols, is composed of the 
following only. 

The table of prods, must he consvlted n+2 times instead of 
n times, an excess of 2. 2 columns must be summed instead 
of 1, an excess of 1. One subtraction and one divisUm must 
he made. 
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These four extras represent very little work. The 
advantages of using a table of prods, instead of a table 
of contents are the foUowing. 

1. Irreg. vols, ran he, treated by a table of prods, as loeU 
as reg. vols., because the formula for irreg. vols, coiisiits 
liketoise of a column of toidths multiplied by Sb and a column 
of prods. 

2. Since the irreg. and minor vols, cnn be included, n ran 
be wade greater, when the disadvantages of using the 
table of prods, become comparatively less. 

3. Since tlie values S and b are not used in the construc- 
tion of the table, it applies equally well to vols, of oR slopes and 
bases, avoiding the great bulkiness of a complete set of tables. 

,The above scheme of comparative merits of a table 
of prods, and a table of quantities is drawn up on the 
supposition that a table of quantities can be constructed 
for such vols, to be used directlj. Since this cannot be 
done, as is evident by inspection of the formula which 
contains four variables, to the advantages of a table of 
prods, may be added, that it obviates not only bulkiness 
but the rules of equating areas, the diagrams, auxiliary 
rules and general inaccuracy. A table of areas might 
be constructed on the formula 

^w{c+Sb)-Sb^, 

since it contains only two variables. This table must 
be consulted w+1 times, so the comparative disadvan- 
tage of the table of prods, would be a little less than 
named above, and the advantages would remain the 
same, since the table of areas must be reconstructed for 
every change of base or slope, etc. But the auxiliary 
rules, rules of equivalency, etc., would be avoided by 
either method. To correct the approx. results a table 
might be constructed on the formula 

(w—w')(c'—c)-s^; 

but the table of prods, would still possess all the advan- 
tages, while the disadvantage would merely be the use 
of the factor ^ once. The pris. cor. for irreg. vols., 
as well as the other, can be accomplished by a table of 
prods., and the factor ^ used once for all. 



88 

We, therefore, strongly recommend the introduetion 
and use of a table of prods, in connection with the cal- 
culation of railroad toIs. in series. The multiplication 
table is seldom, if ever, used by calculators, for the 
reason that their work is desultory, changing every few 
seconds from one process to the other of addition, 
subtraction, multiplication and division ; but in the 
method of computation recommended here, after trans- 
ferring from Field-Book the widths and centres, we have 
in direct and uninterrupted succession a long line of 
multiplications to perform where the value of a table of 
prods, in easing the only laborious portion of the work 
will readily be recognized. 

Such a table can be accommodated on 15 pages Svo., 
ranging along tops of pages from 1 to 300, and down 
the pages from 1 to 80, thus containing all the ordinary 
prods, occurring in earthwork, of factors with three 
digits by factors with two, the decimal point to be in- 
serted as required. For more digits than three the table 
can be as easily used. Suppose w = 147.2, c= 26.3. 
Look at top for 268 ; then down column to' number op- 
posite 14, =3682; then down further in same column to 
number opposite 72, = 18936. Set in column of prods. 
^189 4. ^'^is is much shorter work than to transfer 
147.2 and 26.3 to a separate piece of paper, find three 
partial prods., add these, and bring sum back to column 
of prods. By use of table no addition need be made 
till the column has been filled. All prods, made by factors 
near alike can be sought out at the same time. The 
table would be of use in any class of calculations, where 
the multiplications can be congregated. 
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NOTES TO SECOND EDITION. 



SIDE SLOPE. 

The rate of slope, designated here by 8, is generally 
understood to mean the ratio of the slope's departure to 
its height, and is considered to be the quotient obtained 
by dividing the former by the latter. This seems the 
more logical basis of evaluating earthwork slopes and 
masonry batirs, and, as such, was used in the manuscript 
of this book ; but it was afterward changed in order to 
make the formulae occupy less room by avoiding the ap- 
pearance of a fraction in each. Thus, the 8 of this treat- 
ise is equivalent to the reciprocal of the slope value as 
understood in most other works on the subject. 

SUMMATION OF TKAPEZOIDS. 

The formula derived on page 11, for the summation of 
a series of trapezoids, is of wide application, and can 
always be used more advantageously than the ordinary 
rule. Its successful application to every conceivable 
outline, even where part of the area is subtractive, is 
demonstrated on many succeeding pages : in fact, little 
could have been accomplished without its aid. To show 
its use in surveying, consider the distances, J), J)', etc., 
to originate in the first ordinate, a, and to be measured 
toward the right : distances to the left have, accordingly 
negative values. Now, the formula on page 11 repre- 
sents, in every possible case, the area contained by the 
broken line, joining in succession the extremities of the 
ordinates a, e, d, c, b, and that part of the base line 
which lies between the end, ordinates, a and b. The 
formula, therefore, remains correct when the ordinates a, 
b, reduce to zero, becoming points on the base line. These 
points may be moved toward each other any distance, 
the other ordinates retaining their positions, without 
affecting the accuracy of the formula, which still rcpre- 
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sents tho area as defined above. When a reaches a point 
to the right of e, D" is negative. When a and h coin- 
cide, 7) is zero, and the first term disappears from the 
formula. If now the diagram be revolved ninety degrees 
to the right, it may rei>resent the survey of a farm 
through whose most westerly point a meridian has been 
passed. Let A, B, G, D, JE, be points anywhere situated, 
of which ^4^ is the most westerly. Through A pass a 
meridian. I^et a, 6, c, <1, e, be the distances of A, B, etc., 
to the right of meridian, and let a', h', c', etc., represent 
the latitudes of the same points, measured southward : 
north latitudes are, accordingly, negative. (North lati- 
tudes may be considered positive, and south latitudes 
negative : the sign whether positive or negative preced- 
ing tiie resulting area maybe neglected.) a and. o' are 
each zero. The formula for the area included by the line, 
joining in succession A, B, G, D, E, A, is: 

l[b'{-c)+c'{h-d)+d'{c-e)+e'd]. 

The advantages of this formula, over the rule ordinarily 
used, are : First, one term less occurs in the expression 
for area. The above area can not be obtained with less 
than three trapezoids and two triangles. Second, each 
term, except the ends, represents a smaller operation. If 
the longitudes of two alternate points be equal, one term 
vanishes. If any point have the same latitude as A, one 
term vanishes. Third, the formula is perfectly true, re- 
gardless of re-entrant angles. The area may be calcula- 
ted directly from field notes, in the most intricate case, 
without making a diagram and placing positive and nega- 
tive trapezoids. 

By either method the longitudes of the points must be 
first found. By either method the latitudes of JS, E, are 
taken directly from traverse table. By the method here 
described the latitudes of the other points, referred to it, 
must be ascertained. This trifling work is unnecessary 
to the other method. 

We shall illustrate the application of both methods to 
the simple case of a triangle. A is on the meridian. 
Consider henceforth distances northward positive, as it is 
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probably more natural to do so. Then the latitude and 
longitude of B are 8, 10 ; those of C are 2, U. 

8x— 14=— 112 6x(10+14)=144 

2x 10= 20 2x U = 28 

2)92 8x -10=- 80 

46 2)92 

46 

This formula has also been proved to be of great ser- 
vice when the lengths of the trapezoids are infinitesi- 
mal ; that is, when they are the differentials of areas. 
To find the area bounded by a curved line, two terminal 
ordinates and a base line, let x' be its length, y', the last 
ordinate. The next to last ordinate, being infinitesimally 
near, is also y'. The distance to any intermediate ordi- 
nate is X ; the ordinate is y. The ordinate x>receding 
is y—dy ; the ordinate following is y+dy. Substitut- 
ing these values in the formula on paga 11, we find 



A^i/y'— j xdy. 

The quatlrature of the area, between the axis of X and 
the cur\'e whose equation is y=log. x, can only be effect- 
ed 6y this formula 

FIELD-BOOK. 

It would be more convenieut in transferring the values 
from the field-book on page 46 to the table on page 47, if 
the column of centres in the former were placed between 
the columns of left and right heights and distances. In 
field-books, however, it usually occurs first, for the reason 
that the notes in that column are often obtained many 
months before those relating to slope stakes have been 
carefully taken. 

TABLE OF OPERATIONS. 

It would also be more advisable, perhaps, in transferring 
measurements from the field-book to the table, to carry 
over, first, the left side width of an irregular cross-sec- 
tion next, the longest break distance on left, tben, sue- 
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cessively, the left brealc distances in their order as in 
field-book ; and, afterward, the right break distances and 
side-width in their natural order. 

RUDE PRELIMINABY ESTIMATES. 

When the centre heights are known, and the ground 
slopes differently on each side, a more exact method than 
that recommended on page 70, is the following : On line 
cross-section paper lay off the base of section, and in- 
definite slope and centre lines ; also two lines, parallel to 
centre line, 50 feet distant, one on each side. For each 
cross-section, lay off its centre height and the ground 
heights at the 50 feet lines. Then, lay a straight-edge 
between the point on centre and that on one 50 feeli line, 
and, without drawing the line, mark the intersection on 
the slope of section made by a line between the points. 
Find also the point of intersection on the other slope, 
and from these take off the top-width of section. Having 
the width and centre of each cross-section, find the vol- 
ume as on page 9,. 
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AVERAGE HAUL. 



When embankment is not paid for, but excavation 
only, the contractor enters into an agreement to trans- 
port the material to the places where it is requiretl, at a 
stated price per cubic yard per hundred feet hauL If a 
represent this price, n the number of cubic yard?? in a 
cart-load, and d the number of hundred feet between its 
original position and the point of its deposit, and is the 
price to be paid for that trip. If n', n", etc., be the cubic 
yards in subsequent loads, till the excavation be com- 
plete, and d', d", the distances respectively traveled, the 
price to be paid' for total hau age is 

a{nd+n'd'+n 'd"+ebt.). 

Now, consider the volume, V, of the excavation to be 
divided into an infinite number of eqiial oortions, iastead 
of cart-loads, and represent each part by dV. 3 a this 
case, the price of haulage is 

adVid+d'+d" +etc.). 

Suppose a plane to be passed anywhere between cat and 
fill, normal to route of haiil. The distance traveled by 
each dVis intersected by this.plane. Let the variable a? 
represent the distance of each d V from this plane. Then 
the price for total haulage to this plane is JaxdV. But 

there is some average distance passed through by all the 
differentials; a quantity which, used with every dV in 
succession, produces the same total haulage. If wi de- 
note this distance by a/, 

raoB'dV=JaxdV, 

placing the constants, a, x', outside of the integral signs, 
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performing the integration of first member, and dividing 
by a V, we find 



x'= 



fxdV 



The second member of this equation we know, by the 
principles of mechanics, to be the distance of the centre 
of gravity of Ffrom the plane; and the first member is 
the average haul Therefore, the average haul of the 
material to the plane is equal to the distance of the cen- 
tre of gravity of that material from the plane. In the 
same manner it may be shown that the average haul 
from the plane to the deposit is equal to the distance 
from the plane to the centre of gravity of the deposit. 
Hence, the average haul of a piece of excavation is the dis- 
tance between the centre of gravity of the material as found 
to its centre of gravity as deposited. Letting I represent 
this distance, we have, finally, for the price of total haul- 
age, 

alV. 

The accompanying diagram represents the longitudinal 
section of a cutting. Neglecting now the end volumes, 
such as shown on page 53, consider that the material as 
far as G is to be transported in one direction. This is 
composed of four equi-lengthed volumes, each of which, 
F„ Fj, etc., is supposed to be known ; and, consequently, 
the total volume, V, is known. Evidently, by preceding 
paragraph, the centre of gravity of this series must be 
ascertained, as also that of the portion of bank built 
therewith, in order to find the average haul of this mate- 
rial. To do this, the centre of gravity of the component 
volumes must first be obtained. Letting 2;, denote the 
distance of the centre of gravity of the first volume from 
A, we may state, 

/D y.B 

xdV, / xdV, 

cor- " " 



F. 



/>^' 
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Substituting for dV, its value for a regular volume, as 
given on page 78, and integrating, we obtain 

D' 

\wc+3w'c'+w'c+wc'+28b{w+2w')—128b']^ 



D 



[w'c+w&+2{w'c'+wc)+3Sb{w+w')—128b']^^ 
[w'c+wc'+2{w'c'+wc)+3Sb(w+w')-128!}'],^-^ 



[w'c+wo' +2{w'c' +icc)+38h{w+w')-128b^]r^ 



Yw'C —we' + 8b{w' —w)\^ 



B 



Uo'c+wc'+2{w'c'-\-wc)+381}{w+w') -\28V\^ 

\^w\c'+8b)-8¥)-{\w{c+8b)-8b'')]^^ 
=ii)+~ y^ 

It is here noticed, that by separating the numerator of 
the first integrated fraction into two parts, one of which 
contains the denominator \D times, it may be reduced to 
the last simple form. If, for the differential of volume, 
we had used the formula, derived on page 30, for cross- 
sectional area, which represents the area of every possi- 
ble cross-section, whether regular, irregular, or defective, 
the same ultimate formula would have been reached. It 
also applies to many of the most common shapes, plane 
and solid. So the centre of gravity of any railroad vol- 
ume may be assumed to be half-way between its ends, 
and the error corrected at any time by the simple addi- 
tive expression, depending on the difference of end 
areas, and here for the present denoted by n. 

Let us, for convenience, make this assumption that the 
centre of gravity of first volume is midway between 
ends. The error committed is n. The effect of this error 
on the average haul of the whole series, is the same as if 
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the centre of gravity of the series were moved a distance, 
m, such that 

(^-^)§ 

m : w : : F, : F, or m= ^ 

To compensate for this error, then, we must move the 
centre of gravity of the series, as found by the assump- 
tion, a distance m in the direction from A. By a process 
exactly similar, we And that the assumption that the 
centre of gravity of Fj is midway its length, may be cor- 
rected by moving the centre of gravity of the series a 
distance »»i, such that 

"».= Y 

A similar correction is found for the other volumes, till 

»»,= Y ■ 



Adding, we obtain 



(«-)S 



w+m,+m2+m,^ ^ =^M. 

JIf is the total correction for the average haul, as first m- 
accurately determined by assuming the centre of gravity 
of each volume to be half-way between its ends. We 
may, therefore, consider each volume's weight to be con- 
centrated in its mid-section, easily make the well-known 
graphical or analytic solution of the centre of gravity 
problem, and, finally, correct by the formula just derived. 
This remarkable formula enables us to correct a series 
of equi-lengthed volumes as simply as a single volume. 
Applying it to the example under consideration, suppos- 
ing that the whole material from A to ^ is to be moved 
to the same point, we obtain for the correction, in cubic 
yards, 

{.a- A + ^-fl) J' + ( g'- g) J" + ( g"- e-)(-P" -vy + (g- g")(-o-P")' 

" 324r 

To obtain the false position of centre of gravity, which 
this formula corrects, assume an axis 50 feet {=iD) to 
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tin- left of A. Then multiply first volume by 100, the 
second by 200, the' third by 300, etc., each volume by the 
distance of its mid-section from this axis. The quotient 
obtained by dividing the sum of these products by the 
total volume is the distance of the centre of gravity of 
the series from the axis, if the -centre of gravity of each 
volume be, indeed, in its mid-section. To this distance 
add the correcting value, M, being careful to obey its 
sign. 

To include the end volume, when the grade line, UFG 
[page 53], is nearly parallel to the last cross-section, as- 
sume its centre of gravity, as with the other volumes, to 
be half-way between ends, and add its corrective expres- 
sion [A—O)!)'"'', to those in the numerator of the correc- 
tion for whole cutting, the Fin the denominator including 
now the end volume with the rest. But, if the end volu me 
be large, and the grade-line much inclined to the centre- 
line, the centres of gravity of the pyramids separately 
must be ascertained. Of the middle one, it is distant 
from the cross-section one-fourth the distance therefrom 
of the middle grade-point, F. The centre of gravity of 
the right pyramid is distant one-half so far as is the mid- 
dle point of the line FG, ^(15+10). The centre of grav- 
ity of the left pyramid is distant, similarly, J(18+15) 
from the cross-section. These are the true points. The 
distance of each from the assumed axis, 50 feet to the left 
of A, is multiplied by the volume of the pyramid, as with 
the other volumes, when finding the false position of cen- 
tre of gravity of the series. But the correction contains 
no expression in the numerator belonging to these, and 
the V of the denominator does not include their vol- 
umes. 

The axis may be assumed anywhere ; 150 feet to the 
left of A, if desirable to clear end volume, or at any sta- 
tion in the cut. In the latter case, distances to the right 
are considered positive, those to the left, negative. The 
resulting distance of the series' centre of gravity is, if 
positive, measured oft to the right, if negative, to the left 
of axis. 

We are also enabled, by this method of finding the cen- 
tre of gravity, to use the graphical process for a quick 
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determination of the false position. (It shall be consid- 
ered that the principles involved, like those of the analytic 
method, are familiar to the competent engineer. ) Through 
the mid-sections draw indefinite vertical lines. Draw also 
an independent vertical line, OF,o, and thereupon lay off 
consecutively distances representing to any scale the 
volumes in their natural order. The first, from zero to 
W, represents the end volume. From any point, P, draw 
lines to the extremities of these distances. Prom any 
other point, P', conveniently situated, draw the line P' P"' 
parallel to OP: from its point of intersection with the 
vertical of end volume draw a line parallel to WP till it 
intersect the vertical of F, ; and connect this point of in- 
tersection with the vertical of V„_ by a line parallel to 
Y^P. So proceed until the point P" be reached by a line 
parallel to VJP. Finally, from P" draw the line p'P'" 
parallel to the last line, F,oP, until it intersect F'P". 
The centre of gravity of the series, depending upon the 
assumed positions of the centres of gravity of the vol- 
umes, is on the vertical through the point of intersection, 
P'", of the lines first and last described. Correct by the 
formula, as before. 

Of course, graphical work can never reach the perfec- 
tion of actual computations ; but, if carefully executed, 
it is quite reliable, and is always a valuable check upon 
lengthy calculations. The habit of making dots at the 
intersections should not be formed, but the second line 
should be quickly and lightly drawn across the first, that 
the intersection may be as fine as possible. The figures 
in units' and decimal places of volumes may be neglected 
in laying off the vertical distances on the line F,o. 

It frequently occurs that portions of excessive cuttings 
are transported to spoil-banks near at hand. Often the 
entire top is taken off by scrapers. The accurate final 
estimate does not distinguish between these portions. In 
such a case, determine the average haul, I, of the whole 
volume, V, as before, as if every cubic yard had been 
transported to the ascertained centre of gravity of fill. 
Let V' denote the portion carried to spoil-bank, as meas- 
ured in monthly estimates. Let V be the distance from 
the centre of gravity of F', also determined in monthly 
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estimates, to the centre of gravity of the waste-bank. 
Let I" be the distance from centre of gravity of F', to 
centre of gravity of fill, and let V" represent the average 
haul of the portion of cutting, V— V, that was really car- 
ried to the fill. Then 

ir=i"r'+i"'{v-V'). 

This is the amount of haulage as first calculated. The 
true amount is 

/'F'+r'(F-F'). 

Subtracting the false from the true, we have for a correc- 
tion. 

(i'_r)F- 

This is, naturally, always negative. The true haulage is, 
therefore, 

iv-{i"-v)r'. 

This is a much simpler method than that of finding the 
centre of gravity of the volume, V— V, which was actu- 
ally carried to the fill. 

Quite as often it happens that portions of the embank- 
ment are built of material from borrow-pits at hand. 
The method of proceeding in this case is a little simpler 
than in the similar case respecting spoil-banks, discussed 
in last paragraph, because the haulage of the cut need 
not be joined with that of the borrow-pit. It is always 
more convenient to consider the haulage belonging to 
each piece of excavation, whether borrow-pit or road-bed 
cutting, alone. Knowing the quantity, F', brought to 
the fill from the borrow-pit, and its centre of gravity, 
assume an axis. Let V be the distance of the centre of 
gravity of F' from this axis. Let F represent the entire 
part of fill to which material from the road-bed cutting 
has been carried, and whose centre of gravity has been 
determined as before. Let I denote the distance of this 
point from the axis. Then, V—V is the portion actually 
hauled from the cut, and its centre of gravity is distant 
firom the axis 

ir-i'v 



i"= 



V—V 



Since the centre of gravity of V—V is the terminus of 
the average hanl distance of the road-bed cutting, meas- 
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ure off I" from the axis, aud from the point thus deter- 
mined measure the distance to the centre of gravity of 
the cut to obtain the true average haul. 

This can be done graphically too. Suppose, consulting 
the last diagram, the centre of gravity of the whole por- 
tion of the flil, after applying the correction depending 
on difference of end areas be found to be in the vertical 
through the point P'" ; also that the centre of gravity of 
the part received from borrow pit is in the vertical half- 
way between I and J, and that its volume is represented 

by the distance, V^ Fj^, on vertical line, while the 

whole volume is represented by V^„. Lay off the 

distance V^„, and from its extremity lay of the distance 
F,_,F„ upwards, since it is to be subtracted. Connect, as 
before, any point, P, by a straight line with the origin, 
0, by a second line connect P with the end of first dis- 
tance, F|o, and by a third straight line connect P with the 
end of second distance, Vg. Next, from any point, P ', draw 
a line, parallel to OP, till it intersect the vertical through 
centre of gravity of F, which it does at point P'", From 
this intersection draw a line, P'" P", parallel to the 
second line, F„ P, till it intersect the vertical through 
centre of gravity of F', this vertical being in present 
instance midway between I and J. Prom the last inter- 
section draw a line, parallel to Fg P, till it intersect 
pi pill rjijjg centre of gravity of F — F' is in the vertical 
through the last point of intersection. If the centre of 
gravity of V be midway between B and G, V retaining 
same value, draw P' P'", as before, from P'" draw 
P" P'" till it intersect the vertical between B and C, and 
from the last intersection draw a line, parallel to F^ P, 
till it intersect P' F'". The vertical through this last 
intersection, then, passes through the centre of gravity 
of V—V. 

The methods explained above apply to borrow-pits 
and spoil-banks as well as to road-bed cuts and fills. 

The correcting formula shows that the error varies as 
the difference between end areas, in a series of equi- 
lengthed volumes, and as the square of the distance be- 
tween consecutive cross-sections. Therefore, whatever 
be the distance between sections, the error of the as 
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sumption is nothing when the end areas are equal. Like- 
wise, whatever be the difference between end areas, the 
assumption errs but little when the length of volumes is 
small. By the calculus this length is reduced to dx, an 
infinitesimal quantity, and we here reach the limit where 
the assumption is correct regardless of end areas. 



■ The methods, explained above, for determining average 
haul, require that the volumes be calculated singly. 
Since this is the common manner of computing earth- 
work, the processes have been described at some length, 
as they are likely to become useful. When the work has 
been mensurated in series, the average haul is found stiU 
more simply from the notes of monthly estimates, as in the 
cases already discussed, where parts of banks are carried 
from borrow-pits, and parts of cuts are thrown into 
waste-piles. There is an advantage attending this plan, 
which is, that modifications of average haul for unavoid- 
able deviations from direct route, and by conversion of 
lifts into distances, are noticed at the time of working, 
but are likely to be overlooked in the final estimate. 

So far as quantities are concerned, there is no need 
of calculating volumes singly. Monthly estimates must 
be taken, though accuracy is not required in these. It 
would be extremely unlikely that the end sections of 
volumes excavated monthly would coincide with the 
cross-sections staked out ; and it would not always be 
likely that they would be even similar in shape. Whether 
volumes be calculated singly or in series, monthly meas- 
urements must be made, and the volumes excavated 
monthly must be independently calculated. The aggre- 
gated errors of these are discovered by the final estimate. 

Considering average haul, the proposition will be 
granted, that, it the monthly volumes be exactly cal- 
culated and their centres of gravity correctly found, the 
centre of gravity of the series may be accurately de- 
termined by these. Again, it appears at first thought 
evident that such errors, as might occur in monthly 
estimates, though seriously affecting the contents, do 
not affect much the positions of the centres of gravity. 
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Let us see to what extent this is true. If A be the llisL 
end area of a volume, B the last end area, I) its length, 
and Fits content, the position of its centre of gravity is 

Suppose D to be 100 ft., and the content 1,000 cu. yds., 
whence V = 27,000 cu. ft. Assume that, on account of 
hast;r measurements, an error amounting to one square 
foot has been made in mensurating B. Substituting for 
the symbols in the formula their values, it is found that 
the effect of the error on the centre of gravity is to shift 
it tIj of a ft. Substituting in the formula aZF for price 
of haul, a being now 1 cent, /, the number of hundred 
feet moved, --eiws, and F, 1,000, the number of cu. yds., 
the difference in price of haulage, occasioned by the 
error, is found to be $0.00308. A difference of 1 sq. ft. 
in the area, B, makes a difference of 50 cu. ft. in the con- 
tent, and this, according to nature of material, makes a 
difference, in price paid for excavation, varying between 
35 cents and $2.00. This exhibits the small effect upon 
average haul price that would be made by the errors in- 
cident to rough measurement. Thus, 10 sq. ft. would 
make an error of 3 cents. 

Furthermore,- this small error in price of haul, result 
ing from the error of 1 sq. ft. in B, is almost exactly 
balanced by an opposite error, having same cause, in the 
consecutive volume, between B and C Let the content 
of the second volume be 1,200 cu. yds. : then G must 
exceed A by about 108 sq. ft. Accordingly, the position 
of the centre of gravity of both is 

""■^*+ 59,400 • 

If the error in B be 1 sq. ft. in excess, the numerator of 
the fraction is not altered, but the denominator becomes 
59,500. Subtracting the distance of the centre of gravity, 
as found with this denominator, from the true, the 
error in distance is found to be 90^36,343 ft. I is. 
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therefore, 9-4-353,430, a is 1 cent, and V is 2,200. The 
coutinued product of these three is the error in price of 
haul, viz. : $0.000062. The error in quantity for the two 
volumes is 100 cu. ft., making an error in excavation 
price varying between 70 cents and $4.00. 

It may be inferred from the above example that, in 
any series of equal-lengthed volumes, errors in mid- 
sectional areas produce opposite errors in average haul 
distance, which nearly neutralize each other, leaving 
an exceedingly small remaining error; and that the 
errors of end areas produce very small errors in the 
average haul, which also balance nearly, when the errors 
at both ends are in the same direction. Also, since this 
is true of series of equal-lengthed volumes, it is approxi- 
mately true of series of unequal-lengthed volumes. The 
error, resulting from an error in an end area, increases 
nearly as the latter error increases : the error, occasioned 
by an error in a mid-section, increases much more rapidly; 
but, while the errors of mid-sections remain moderate, 
it continues very small. 

There is one more small error incident to series. This 
is in finding the false point of the series by means of the 
assumed centres of gravity of the volumes before apply- 
ing the corre«tion. It is occasioned by using the wrong 
contents obtained by hasty measurements. For instance, 
in example above of two volumes, the false point for the 
series, the erroneous contents being 1,000 cu. yds. plus 
50 cu. ft. for first, and 1,200 cu. yds. plus 50 cu. ft. for 
the second, is distant 104.53782, instead of L04.545454. 
From this, Z = . 0000763, a = l cent, F=2,200, and air= 
$0.00168. This error varies almost precisely as the error 
in the sectional erea. Thus it would be 1.68 cents for 
an error of 10 sq. ft. When the end- widths are equal, 
it does vary exactly as the error in area. In a series 
these errors also are likely to annul each other. If they 
be proportional to the sectional areas, which is most 
probable, they do not affect the position of the centre of 
gravity of the series. 

It is apparent from the foregoing discussions that 
measurements exact enough for determining quantities 
in monthly estimates are abundantly exact for finding 
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the centre of gravity of the whole cutting or embank- 
ment. The centre of gravity of each month's cutting can 
at the time be easily ascertained by assuming it to be 
half-way between ends, and correcting by the difference 
of end areas as measured. When making the final esti- 
mate, simjjly add the haulage of all the months for erro- 
neous total haulage; divide this by the total content at 
found by monthly estimates, for the correct average haul. 
Neglect now the erroneous content, and multiply average 
haul by true content, as found by calculation in series, 
tD find the true total haulage. Proceeding in this way, 
the difference in price of haulage from that determined 
by the other method would probably not exceed one dol- 
lar where many thousand dollars are involved in the 
quantities excavated ; and this difference would often be 
in favor of the truth, when, as before mentioned, modifi- 
cations should be made in haulage distance that could 
not be considered by the other method at all. Moreover, 
using the plan last described, the whole content may be 
computed in one operation, securing thus great brevity 
and accuracy in estimating quantities, where small errors 
are of large account. 



The problem of finding the centres of gravity of parts 
of constructions is a very important one in all branches 
of engineering, since it is as necessary — often more so — to 
know the points of application of natural and artificial 
pressures as it is to know their intensities. As the for- 
mula derived in this chapter is exceedingly simple and 
general, and requires no knowledge of calculus, it may 
be well to indicate briefly the shapes to which it applies, 
and furnish a few examples. By this formula the centres 
of gravity of triangles, trapezoids, parallelograms, para- 
bolas, the latter when the determination is made in the 
direction perpendicular to axis, and of all segments of 
these between parallel lines, and of all series of these, 
may be quickly and correctly found. In case of areas, V 
represents total area, A the first ordinate, and G the last. 
Also the centres of gravity of cones, considering one or 
both branches, cylinders, pyramids, prisms, prismoida, 
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spheroids, paraboloids, hyperboloids, all segiiietits and 
series of these, and of all the class of shapes defined in 
italics on page 36, can be quickly and correctly ascer- 
tained. Thus, if h be the height of a cone, r the radius 
of its base, the distance of its centre of gravity from the 
vertex is. 
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The centre of gravity of the paraboloid, whose height is 
\ and the radius of whose base is r, is distant from ver- 
tex 

The centre of gravity of a hemispuere, whose radius is r, 
is, measuring from centre of sphere, at a distance 
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Members of religious communities will find an incalculable benefit in having Bibles, Testaments, Prayer 
Books, Hymn Books, Sunday-School Books, and periodicals, so firmly put together by this plan that they 
cannot be prematurely destroyed by careless use. This feature is particularly commended to the notice of 
societies that, issue books for gratuitous distribution, the patent binding preserving an edition until it is 
honestly worn out, thus obviating largely the present incessant demand created by the needless waste that occurs 
when a volume becomes loose in its leaves and covers. 

The patrons of elegant periodicals also are now furnished with the means of giving Art publications a proper 
form for the Library or Drawing Room with readiness, durability, beauty, and economy ; while pictures, pamphlets, 
and miscellaneous publications can by this process be rendered available for practical use. Officers and Teachers of 
schools and higher institutions of learning will secure economy and convenience to an extraordinary degree by the 
adoption of the patent binding on Text-books, and similar matter in use by pupils and students. 

The waste of matter occasioned by the premature breaking of books, and the annoyance and inconvenience ot 
the constant loosening of leaves, especially in the cases of library and school books, is effectually obviated by this 
method of binding. 

By the use of the patent binding, broken and worn school books, and the entire waste text-book material of 
schools can be largely restored to use, at small cost, and to a point of perfection equal to new books in every practical 
requirement, and with a degree of durability in the binding that is five hundred per cent, greater than that obtained 
by any other process of school-book binding. 

This invention has received the unqualified endorsement of the best judges of merit in matters appertaining 
to the book-binding art, and it is already largely in use by leading educational and literary institutions, and 
by book consumers generally. 

Specimens, terms, and full particulars promptly fiirnished on application. 

Every description of binding executed by the new process in any desired style <.f finish. 

\ HOWARD M. HOYT, 

Inventor, Patentee and Proprietor, 
Bindery, Fourth Avenue, corner 82D Street, New York. 



y^s tt was necessary to issue the present edition of 

this book before the former became quite exhausted, a 

few remaining copies of the first edition will be sold at 

half price, viz : 

3n Fine iCloth Bm6ing, - - 75cts. 
3n Stout Paper Binbing, - - 50cts. 

J. W. DAVIS, (School of Mines), 

4gth Street and 4th Ave., J'J. Y. 



There are no paper bound copies in the new 
edition. 




Medal awarded at the Exhibition of all Nations, New York, 1853, 

"for the best Drawing Instrnments, — particular 

mention for Limb-Protractors." 

Medal awarded at the International Exhibition, Philadelphia, 1876, 
"for Surveying and Levelling Instruments." 
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FURNACES, MORTAES AND RETORTS, 

Tongs and Forceps, 

SAND AND CLAY CRUCIBLES, 
MUFFLES, BONE ASH, ETC. 



ALL VARIETIES OF 



&LASS APPABATUS, BOTTLES, ILASlS, ETC. 

BARE REAGENTS AND FLUXES, 

MINERALS, FOSSILS, 

Foil, "Wire and Vessels, 

ilVCOTJJLiIDS, 

Blowpipe Tools and Reagents in Great Variety. 

ALSO A VERY LARGE STOCK OF 

CHEMICAL AND PHYSICAL AP PARATUS. 

Large Catalogue, Cloth Bound, $1.50 Each. 



